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SUMMARY 


This  volume  contrins  the  text  of  29  papers  presented  at  the  25th  Meeting  of  the 
Aerospace  Medical  Panel  of  AGARD,  which  was  held  at  the  Meeting  Rooms  of  the  Zoological 
Society  of  London  from  the  15th  -  l9th  October  1968. 

The  86  delegates  represented  12  NATO  nations  and  the  NATO  Headquarters,  and  consisted 
of  clinicians,  physiologists,  psychologists  and  engineers;  many  of  these  delegates  were 
serving  officers  of  NATO  countries,  whilst  others  represented  Universities,  Industry  and 
Government  Establishments.  An  attendance  list  showing  the  current  address  of  delegates 
is  included  for  the  convenience  of  the  reader.  The  papers  are  grouped  ’under  the  four 
subject  headings  covered  in  the  programne,  namely,  pattern  recognition,  body  armour  and 
aircrew  equipment  assemblies,  current  space  medical  problems  and  aeromedical  evacuation. 
In  addition,  there  is  a  technical  summary  which  includes  information  derived  from  the 
di scussicns. 


RESUME 


Le  present  document  comp  rend  les  textes  dos  2?  communications  prEser.tEcs  h  1  'occasion 
de  la  254r.e  Reunion  de  la  Commission  de  la  .ME; iecine  Aerospatiale  de  i *  AGARD  tenue  dans 
les  Salles  de  Conference  de  la  ;Et£  oiogi  que  de  Londres  du  15  au  i7  octobr^  1?6P. 

Parm.i  les  86  dEiegues  venant  de  12  lays  rr.err.tr* s  de  ]  'GTAN  et  du  sifge  de  cette 
organisation  se  trouvaient  des  clinicians,  de?  physiologues,  des  psychologues  et  des 
ingEnieurs.  Un  grand  nombre  de  cep  dElEguEs  appartenaieni  aux  forces  arrives  de  pays 
merr.br es  de  i'OTAN;  d'autres  reprEser.taient  des  centres  univercitaires,  industriexs  ou 
gouvernementaux.  Pour  plus  de  commodity  le  document  comport e  la  iiste  des  part l oil  ante?, 
avec  leur  adresse  actuelle.  Les  communications  se  grouper* t  r-uivan:  lesmer.es  rubriques 
cue  celles  dec  quatre  r.atiEres  p revues  au  programme,  &  savoir,  ia  r^canriai  esar*:*-  i*? 
meddles,  les  ensembles  de  »»«t*rnents  de  protection  et  de  materiel?  ;  our  les  Equiroge;: 
d*  avion,  les  profci4rr.es  rencontres  actual  lament  dans  lv  :on.a;ne  do  la  mEd~v  i  ne  spatial* 
et  1  *  Evacuation  aErcr.Edical*.  Or.  trouvera  en  outre  un  resume  tt-cr.ni  aue  qu:  cor.:  'rt*  dec 
informations  recueillies  au  ecu rs  des  discussions. 
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HtEFACE 


The  programme  at  the  25th  Meeting  of  the  Aerospace  Medical  Panel  of  AGARD  oovered 
four  aain  topic*,  namely,  pattern  recognition,  body  amour  and  airorew  equipment 
assemblies,  ourrant  spaoe  aedloal  problems  and  finally,  aeroaedloal  evacuation. 

This  varied  programme  provoked  considerable  discussion  on  many  aspect*  of  current 
aerospaoe  medicine.  It  has  not  been  possible  to  provide  a  verbatim  acoount  of  thesa 
discus* ion*,  but  the  salient  features  have  been  inoluded  In  the  technical  summary  along 
with  the  valuable  coma  sets  at  Session  Chairmen. 

I  would  like  to  express  a  persoral  word  of  thanks  and  appreciation  to  all  the 
authors  for  their  excellent  papers,  the  Session  Chairmen  for  the  benefit  of  their  help 
and  experience,  the  delegates  for  their  presenoe  and  stimulating  discussion,  and  all 
those  whose  willing  help  contributed  to  the  sucoesaful  outoome  of  the  oonferenoe  and 
the  publication  of  these  proceedings . 


T.  G.  DOB IE, 

Group  Captain,  RAF, 
PROGRAMME  DEPOT!  CHAIRMAN, 
25TH  MEETING  ASMP 
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FOREWORD  BY  THE  CHAIRMAN  OF  THE  AEROSPACE  MEDICAL  PANEL 
The  25th  Meeting  of  the  Aerospace  Medical  Ifenel  covered  several  areas  of  great  operational, 
nilitary  and  medical  interest  and  in  particular,  four  topics: 

(a)  Pattern  Recognition 

The  first  part  of  this  session  was  devoted  to  experimental  data  on  a  visual  theory 
in  target  acquisition  with  special  emphasis  on  search  conditions  in  particular  as  a  function 
of  target  sixes,  number  and  duration  of  fixationsand  training.  The  discussion  of  visual 
perception  phenomena  during  acceleration  brought  new  aspects  into  the  discussion.  After  a 
fundamental  neurophysiological  presentation  on  retinal  organisation  and  pattern  recognition, 
the  meeting  turned  to  practical  implications  in  discussing  the  discrepancies  and  weaknesses 
of  current  and  future  maps  and  charts  in  particular  with  regard  to  special  missions  and  to 
Illumination.  The  session  was  closeu  by  an  interesting  demonstration  of  a  very  promising 
air-to-ground  communication  conoept. 

(b)  Body  Armour  and  Aircrew  Equipment  Assemblies 

This  session  began  with  a  series  of  presentations  on  body  armour  in  cooperation  with 
the  Structures  and  Materials  Panel  of  AGARD.  The  value  of  body  armour  in  increasing  combat 
effectiveness  as  a  result  of  user  confidence  in  the  armour  and  higher  morale  is  an  important 
Justification  for  the  provision  of  body  armour,  quite  apart  from  tne  overall  saving  of  life 
and  reduction  of  injuries. 

The  second  part  of  the  session  dealt  with  interesting  developments  of  other  aircrew 
protective  devices  such  as  improved  aircrew  safety  harness;  a  review  of  a  concept  of  a  water- 
cooled  suit;  a  very  interesting  photochromic  flashblindness  goggle;  and  an  evaluation  of 
several  modern  anti-exposure  suits.  This  session  may  be  considered  as  an  especially  good 
example  of  Joint  Panel  activities  and  of  AGARD's  input  to  assist  in  the  solution  of  special 
operational  problems. 

(c)  Current  Space  Medical  Problems 

This  session  began  with  presentations  describing  recent  studies  on  the  cardio¬ 
vascular  and  metabolic  aspects  of  hypodynamics ,  carefully  elaborated  and  evaluated,  during 
prolonged  bed-reat  experiments.  It  then  continued  with  an  interesting  proposal  for  a  cardio¬ 
respiratory  index  derived  from  mixed  venous  blood  gas  tensions.  A  study  of  the  action  of  a 
high-magnetic  field  on  bacterial  growth,  was  then  presented  as  an  addition  to  the  circulated 
programme.  The  session  ended  with  papers  on  the  problem  of  oxygen  toxioity  and  fire  preven¬ 
tion  and  protection  in  oxygen  enriched  atmospheres;  both  very  important  items  ir  current 
experimental  laboratory  work  and  in  air  and  space  operations. 

(d)  Aeromedical  Evacuation 

This  session  covered  the  use  of  different  aircraft  types,  their  missions,  and  pro¬ 
blems  of  tactical  and  strategic  aeromedical  evacuation;  the  organisation  of  ground  support; 
trends  in  peacetime  utilisation,  especially  of  helicopters;  and  the  selection  policy  for  early 
air  evacuation,  with  regard  to  speciality  centres.  The  session  also  dealt  with  system 
modernisation  for  the  improvement  of  patients’  safety,  comfort,  care  and  convenience.  An 
ASAHD  proposal  was  realised  with  regard  to  a  light-reight  plastic  patient  litter.  Other  new 
equipment  developments  were  also  presented  and  demonstrated. 

In  conolueion,  I  should  like  to  state  that  the  four  main  topics  of  the  25th  Meeting  of  our 
Panel  have  been  well  selected,  well  studied  and  oovered  thoroughly.  They  represent  a  sound  mix¬ 
ture  of  basic  research  and  operational  application.  The  papers  and  discussions  also  provided 
useful  guidelines  for  future  work.  I  hope  that  the  output  will  help  our  NATO  Air  Forces  in  the 
solution  of  operational  problems  in  line  with  the  mission  of  AGARD. 

E.  A.  LAUSCKhok, 

Professor  Dr.  med.. 

Brigadier  General,  SAF,  MC 
CHAIRMAN, 

AEROSPACE  MEDICAL  PANEL. 
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OPENING  ADDRESS 
BY 

PROFESSOR  DR.  E.  A.  tAUSCHNER,  BRIGADIER  GBffiRAL,  GAP,  VC 
CHAIRMAN  AEROSPACE  MEDICAL  PANEL  OP  AGARD 

"Air  Chief  Marshal  Sir  John  G randy, 

Other  Distinguished  Guests, 

Fhnel  Members, 

Lady  and  Gentlemen, 

It  Is  a  great  pleasure  and  honour  for  me  to  open  the  25th  Meeting  of  the  Aerospace  Medical 
Panel  of  AGARD.  I  welcome  you  all,  and  in  particular  Air  Chief  Marshal  Sir  John  Grandy,  Chief 
of  the  Air  Staff;  Mr  Fhllip  Hufton,  United  Kingdom  National  Delegate  to  AGARD;  Air  Marshal 
Sir  George  Gunn,  Director  General  of  Medical  Services  of  the  Royal  Air  Porce;  and  Mr  Franklin 
Roas,  Director  of  AGARD. 

I  am  most  grateful  to  our  distinguished  guests  who  have  generously  consented  to  address  the 
meeting.  It  is  a  particular  pleasure  for  us  to  have  the  Chief  of  the  British  Air  Staff  with  us 
today.  He  is,  of  course,  a  particularly  busy  person  and  I  look  upon  it  not  only  as  a  great 
honour  that  he  has  taken  the  time  to  be  with  us.  but  I  hope  a  significant  indication  of  the  close 
cooperation  between  our  ffcnel  and  the  operational  Commanders.  May  I  therefore  Introduce  to  you 
Air  Chief  Marshal  Sir  John  Grandy,  Chief  of  the  Air  Staff,  aa  our  first  speaker." 

ADDRESS  OP  WELCOME 
BY 

AIR  CHIEP  MARSHAL  SIR  JOHN  GRANDY,  CHIEP  OP  THE  AIR  STAPP 

"Mr  Chairman, 

Lady  and  Gentlemen, 

Firstly,  on  behalf  of  the  Royal  Air  Porce,  I  would  very  muoh  like  to  welcome  our  visitors  to 
this  country.  I  hope  that  you  have  an  enjoyable  time  with  us  as  well  as  a  productive  and  useful 
one.  Secondly,  Mr  Chairman,  I  would  like  to  thank  you  very  much  for  doing  me  the  honour  of  ask- 
ing  me  to  address  this  25th  meeting  of  the  Aerospace  Medical  Panel  of  AGARD.  This  is  a  NATO  body 
and  it  is  very  obvioua  that  NATO  is  daily  beooning  of  increasing  importance  at  this  time.  Perhaps 
a  year  or  so  ago  there  was  a  lot  of  talk  about  NATO  falling  apart  and  there  have  been  tensions, 
not  tremendous,  but  certainly  tensions  within  NATO.  Recent  events  however  have  had  I  believe  a 
bearing  on  that  and  those  who  have  alwaye  believed  in  the  significant  importance  of  NATO,  lik<*  jo 
doubt  the  majority  of  you  in  this  room,  have  only  had  their  views  strengthened  in  recent  times. 

The  cohesion  of  NATO  is  important  and  I  believe  that  learned  bodies  suoh  as  yours  and  meetings 
such  as  this  make  a  very  large  contribution  towards  this.  Apart  from  all  the  direct  specialist 
advantages  to  defence,  the  exchange  of  views  which  takes  plaoe  and  the  understanding  which  builds 
up  between  yourselves,  also  help  to  strengthen  the  sinews  of  confidence  and  that  I  regard  as  vital. 

I  see  from  your  programme  that  you  are  right ly  concentrating  on  man  in  your  deliberations. 

Man  la,  if  you  like,  the  best  computer  yet  Invented  in  this  age  of  computers.  Defenoe  equipment 
becomes  more  and  more  expensive,  hideously  expensive  and  therefore  it  is  beooming  more  and  more 
important  that  we  devise  means  of  exploiting  this  expensive  equipment  to  the  full.  The  aspects 
of  your  work  which  are  directed  towards  man  and  helping  to  make  decision-making  easier  provide  a 
vital  contribution  to  defence. 

Looking  back  to  the  early  days  of  aviation  medicine  when  all  this  started,  most  of  us  on  the 
flying  side  rather  resented  this  intrusion  by  the  dootors.  Vs  could  not  understand  why  these 
doetore  did  not  remain  in  the  sick  wards  where  they  belonged!  What  were  they  doing, we  asked  our¬ 
selves,  ooming  to  join  us  in  flying?  It  wea  not  very  long,  however  before  we  began  to  understand 
and  appreciate  the  tremendous  things  that  you  could  do  to  help  our  lives  and  our  existence  in  the 
air.  I  would  now  like  to  make  two  short  refersnees  to  ourrent  aerospace  medloine.  Yesterday 
morning  I  saw  a  film  taken  of  an  aircraft  accident  which  occurred  earlier  this  year.  The  pilot 
bad  a  run -away  tail  trim  and  as  soon  aa  he  rotated  the  aeroplane  and  got  the  right  take-off  speed 
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the  aircraft  continued  to  inorease  its  attitude  toward  the  vortical  at  about  50  feet  from  the 
ground.  At  this  point  both  occupants  ejected  in  their  Martin  Baker  seats,  landed  quite  happily 
and  walk  away  smiling.  The  point  that  I  wish  to  make  is  that  not  only  was  this  the  result  of 
excellent  seat  design  but  also  aviation  medicine  bad  made  its  contribution.  All  the  work  that 
the  doctors  have  done  on  the  associated  aeromedioal  problems  such  as  G  and  so  forth,  breathes 
confidence  into  the  aviator.  In  the  flight  that  I  have  described  which  lasted  some  12;  seconds 
from  beginning  to  end  the  captain  had  probably  only  some  3  seconds  to  decide  to  eject.  The  crew 

had  however  the  confidence  that  this  was  going  to  save  their  lives.  Secondly,  this  very  day, 
Commander  Sohirra  and  his  two  colleagues  are  orbiting  the  globe;  what  better  example  of  what 
aerospace  means.  I  can't  however  resist  making  the  observation  and  despite  having  600  pills  with 
them,  Sehirra  still  got  a  headoold! 

Gentlemen,  let  me  conclude  by  wishing  you  well  in  your  deliberations.  I  hope  that  you  will 
have  a  fruitful,  enjoyable  and  rewarding  25th  meeting  of  the  Aerospace  Medical  Panel." 

The  Chairman  then  continued: 

"It  is  now  my  pleasure  to  introduce  Mr  Philip  Hufton,  who  is  a  United  Kingdom  National  Delegate 
to  AGARD.  He  is  speaking  in  place  of  his  fellow  National  Delegate,  Mr  Handel  Davies,  whose  kind 
invitation  to  the  Panel  permitted  us  to  hold  this  25th  meeting  in  London.  This  rearrangement  of 
Mr  Hufton's  appointments  in  order  to  join  us  had  to  be  made  at  the  last  moment,  quite  unavoidably, 
and  we  are  therefore  ao  much  indebted  to  him  that  he  has  made  this  effort  to  be  with  us." 


ADDRESS  BY  MR  PHILIP  HUPTON 
UNITED  KINGDOM  NATIONAL  DELEGATE  TO  AGARD 

"hr  Chairman, 
lady  and  Gentlemen, 

I  hope  that  you  will  find  me  an  acceptable  substitute  for  Mr  Handel  Davies,  who,  as  you  pro¬ 
bably  art  all  aware  has  been  called  away  at  short  notice  on  the  important  matter  of  international 
cooperation  an  aircraft  design  and  it  really  does  give  me  very  great  pleasure  indeed  to  stand  in 
for  him  on  this  occasion  and  to  welcome  you  to  the  25th  meeting  of  the  Aerospace  Medical  Panel. 
AGARD  has  an  important  place  in  the  NATO  alliance  both  in  giving  advioe  and  in  bringing  together 
the  scientifi.  members  of  the  NATO  community  and  of  these  the  Aerospace  Medical  Panel  really  has  a 
very  active  and  significant  part  to  p lay. 

It  may  seem  paradoxical  that,  despite  the  increase  end  development  of  electronic  and  a  ’omio 
systems  aimed  at  improving  crews  skills,  it  is  still  and  increasingly  important  to  obtain  a  really 
good  match  between  the  man  and  the  machine.  Improved  blologioal  definition  of  flight  skills,  and 
matching  the  environment  to  the  capabilities  of  man  are  very  necessary  and  indeed  are  growing  more 
necessary  every  day.  The  Aerospace  Medical  Panel,  along  with  other  panels  of  AGARD,  is  playing  a 
very  active  role  in  the  multi -disciplinary  approach  to  these  problems.  As  Deputy  Director  of  the 
Royal  Aircraft  Establishment,  X  find  that  the  panels  of  AGARD  and  their  meetings  are  becoming  some¬ 
what  of  an  embarrassment  to  me  because  so  many  of  my  staff  wish  to  attend  themj  I  am  very  glad 

however  to  aee  this  because  it  means  that  the  panels  are  conducting  their  business  well  and 

obviously  producing  programmes  which  are  extremely  attractive  to  everybody. 

As  a  member  of  the  AGARD  Executive  Committee  I  have  notioed  that  the  Aerospace  Medioal  Panel 

is  giving  a  lot  of  talented  assistance  to  members  in  the  field  and  indeed  to  the  whole  NATO 

alliance.  The  panel  members  are  also  giving  Valuable  advioe  to  the  various  member  nations  over 
a  wide  range  of  aeromedioal  problems. 

I  see  that  this  particular  Rinel  meeting  is  following  the  usual  commendable  pattern  of  cover¬ 
ing  a  wide  variety  of  subjects;  it  promises  to  be  an  extremely  valuable  meeting  both  in  terms  of 
ourrsnt  problems  end  those  of  future  importance. 

In  oancluslon  I  would  like  to  wish  all  members  and  delegates  at  this  meeting  an  interesting 
end  successful  programs.  I  also  hops  that  your  stay  in  London  will  be  enjoyable." 


x 


The  Chairman  then  continued: 

"I  hope  that  I  nay  be  permitted  to  add  a  personal  note  of  welcome  to  Air  Marshal  Sir  George 
Gunn,  Director  General  of  Medical  Services,  Royal  Air  Force,  whom  I  have  had  the  honour  to  know 
for  many  years.  We  are  pleased  to  see  you  here  today,  Sir,  and  it  is  my  pleasure  to  introduce 
you  to  the  meeting. * 


ADDRESS  BY  AIR  MARSHAL  SIR  GEORGE  GUNN, 

DIRECTOR-GENERAL  OF  RAF  MEDICAL  SERVICES 

"Ur  Chairman, 

Lady  and  Gentlemen, 

It  is  a  very  great  pleasure  indeed  for  me  to  associate  myself  with  the  Chief  of  Air  Staff  and 
Mr  Ifuf+on  in  welooming  the  Aerospace  Medical  Fhr.el  to  London,  and  perhaps  I'll  be  forgiven  if  I 
■eke  this  very  brief  personal  reference  to  one  or  two  of  my  old  friends  in  the  audience.  Firstly, 
it  is  particularly  pleasing  to  meet  again  Professor  Erwin  Lauschner.  General  Lauachner,  as  he  has 
Just  told  you,  I  hare  known  for  many  years  and  I  have  listened  to  him  and  watched  him  many  times 
stimulating  discussions  and  promoting  the  interests  of  aerospace  medicine  at  all  levels  and  in  many 
oountries.  I  think  that  you  are  particularly  fortunate  to  have  him  now  as  your  Chairman  with  his 
keen  interest  and  wide  knowledge  of  aviation  medicine,  to  guide  your  deliberations. 

I  had  looked  forward  very  much  also  to  feeing  General  Albrecht  the  former  Surgeon  General  of 
the  German  Armed  Forces  at  this  meeting,  but  I  was  very  sorry  to  learn  this  morning  that  he  was 
nvolved  in  a  mctor  accident  a  few  weeka  ago  and  is  unable  to  attend.  I  hope  therefore, 

Mr  Chairman,  that  you  will  be  good  enough  to  give  him  our  warm  regards  and  wish  him  the  very  best 
for  a  speedy  recovery. 

I  would  like  to  welcome  Professor  Meroier  of  Prance;  it  is  a  great  pleasure  to  see  him  again 
and  I  had  also  hoped  to  welcome  General  Evrard  from  the  Ministry  of  Defence  in  Brussels  and  Karl 
Houghton  who  was  formally  In  the  US  Air  Force  but  is  now  with  the  McDonnell  Douglas  Company;  but  I 
do  not  see  either  of  them  in  the  audience  at  the  moment.  I  am,  however,  very  glad  that  they  are 
attending  and  look  forward  to  seeing  them  and  many  other  friends  this  evening. 

I  don't  need  to  emphasise  how  pleased  I  was  that  the  previous  speakers  talked  about  the  import¬ 
ance  of  the  human  factor  in  the  aerospace  system,  and  the  importance  of  having  medical  doctors  in 
the  multi-discipline  teams,  both  for  the  promotion  of  research  and  for  the  interpretation  of  the 
results.  I  believe  that  the  Aerospace  Helical  Panel  of  AGARD  has  perhaps  a  unique  advantage  in 
having  a  large  proportion  of  flight  surgeons  or  flight  medical  of floors  amongst  its  members  thus 
providing  close  association  and  familiarity  with  the  problems  of  operational  flying. 

Tour  agenda  for  the  next  two  days  shows  that  there  is  no  lack  of  interest  and  effort  being 
put  into  the  aerospaoe  medical  field,  and  I  am  very  happy  that  our  ..oyal  Air  Foroe  medical  branch 
is  able  to  support  AGARD  both  at  home  and  abroad.  We  are  particularly  happy  that  you  are  going 
to  the  Institute  of  Aviation  Medioine  at  Famborough  on  Friday  and  I  am  sure  that  you  will  see  muoh 
of  interest  there. 

I  wish  you  an  interesting  meeting  and  an  enjoyable  stay.” 

The  Chairman  then  oontinued: 

•Finally,  it  is  agr  great  pleasure  to  introduce  Mr  Franklin  J.  Ross,  the  Direotor  of  AGARD.  I 
ta  sure  that  we  are  very  pleased  indeed  that  the  Director  has  been  able  to  find  time  to  attend  our 
25th  meeting.” 


ADDRESS  BY  MR  FRANKLIN  J.  ROSS 
DIRECTOR  OF  AGARD 

•Mr  Chairmen, 
lady  and  Gentlsaen, 

It  is  a  pleasure  for  me  to  weloome  you,  on  behalf  of  AGARD,  to  the  25th  Heating  of  the  Aero¬ 
spaoe  Medioal  Panol.  The  topios  of  the  programme  indicate  very  strongly  to  what  extant  aviation 
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msdioine  la  contributing  to  tba  operational  aspects  of  NATO's  mission. 

The  programs  is  wall  balanced  and  ooTers  several  areas  of  great  operational,  military  and 
aedioal  interest.  In  particular,  I  should  like  to  point  out  the  successful  cooperation  with 
another  AGARD  Panel,  the  Structures  and  Materials  Panel,  which  has  contributed  to  the  section  on 
body  armour.  On  several  previous  oooasions,  the  Aerospace  Medical  Panel  has  very  successfully 
sponsored  or  oo-spcnsored  joint  meetings  which  allow  an  inter-disciplinary  approach  to  problems. 

I  an  ocnvinoed  that  you  will  find  the  presentations  as  interesting  as  they  appear  to  me  on 
reading  the  programme. 

May  1  wish  you  a  successful  meeting  and  a  good  journey  home  afterwards." 

The  Chairman  then  concluded  his  reoarks: 

"I  an  sure  that  you  sill  all  agree  that  our  guest  speakers  have  been  very  generous  in  their 
reoarks  concerning  our  Efenel  activities,  and  it  is  ay  pleasure  to  thank  then  on  your  behalf. 

Aa  Panel  Chairman,  I  wish  to  record  our  appreciation  to  the  United  Kingdom  for  their  kind 
Invitation  to  hold  this  year's  Panel  nesting  in  London.  Ve  are  very  happy  to  be  here  and  it  ia 
a  personal  pleasure  to  me  to  see  so  many  old  friends  in  the  audience. 

Aa  far  ae  our  programs  ia  ooneerned,  it  will  be  devoted  to  four  main  topics  whioh  will  be 
covered  in  separate  sessions. 

The  first  broad  topio  is "Pattern  Recognition"  particularly  in  visual  but  also  in  auditory 
systems,  under  conditions  in  which  recognition  is  impaired  by  reason  of  low  contrast  or  confusing 
backgrounds,  requiring  consideration  of  the  mechanisms  of  smsory  perception.  As  examples,  I 
would  like  to  mention  the  problem  of  air-to-ground  reconnaissance  and  the  design  of  maps  and 
charts  best  suited  to  various  operational  roles. 

The  second  part  of  our  meeting  will  he  dealing  with  "Hew  Developments  in  Aircrew  Protective 
Systems,  including  Body  Armour".  The  Structures  and  Materials  Panel  of  AGARD  has  contributed  two 
presentations  for  this  session,  demonstrating  not  only  the  good  cooperation  between  the  AGARD 
Bin els  hut  eve n  more  the  ourrert  interest  in  this  problem  area. 

"A  Review  of  Current  Space  Medical  Problems"  has  beoome  a  permanent  part  of  our  programs*, 
and  this  yaar  it  promises  to  be  of  special  intereat.  Z  aa  also  sure  that  our  best  wishes  go  out 
to  the  crew  of  the  Apollo  spacecraft  in  orbit. 

Our  last  topio  is  "Aeromedioal  Evacuation  of  htients"  and  will  cover  current  trends  in  the 
development  of  aeronedloal  evacuation  equipment.  This  session  will  allow  contributions  on  recent 
aeronedloal,  ollnloal  and  operational  experience,  aimed  at  improving  techniques  and  equipment 
presently  in  use  in  aeronedloal  evacuation. 

In  oonclualon,  I  extend  my  warmest  personal  greetings  to  you  all,  our  guest  speakers,  Panel 
members  and  dele^tes  to  this  meeting.  It  is  ay  sincere  hope  that  the  meeting  will  not  only  be 
interesting,  stimulating  and  useful  to  the  aedioal  branches  of  NATO,  but  will  also  be  a  contri¬ 
bution  to  the  effectiveness  of  our  operational  Air  forces. 

Gentlemen,  we  now  have  a  ooffee  break.  In  view  of  the  looation  of  the  netting  here  at  the 
London  Zoo,  I  am  wandering  whether  we  really  will  get  ooffee  or  peanuts!" 
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VISUAL  THEORY  IN  TARGET  ACQUISITION 
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The  theoretical  approach  to  visual  soaroh  for  a  target  baaed  on  the  target's  contrast  and 
sise  and  the  concept  of  visual-lobes  is  reviewed  briefly.  New  flight  data  for  foveal  contrast 
sise  thresholds,  related  to  the  maxi  mm  detection  ranges  of  prominent  terrain  objects,  are  found 
to  ooepare  favourably  with  laboratory  data  from  euch  simpler  visual  tasks. 

Two  laboratory  search  experiments  analysed  in  terns  of  visual  theory  are  shown  to  agree  well 
with  it,  with  little  eodlfi cation  of  the  data  used  in  the  theory  from  certain  selected  but  other¬ 
wise  standard  data.  In  particular,  glimpse  tines  of  the  order  y  to  §  seconds  are  found  to  be 
quite  adequate  to  do scribe  the  experimental  results. 


A  PART  OP  th*  work  of  tba  Royal  Aircraft  Establishment  is  tba  task  of  assessing  tbs  perforaanos 
of  aircraft  pilots  sod  navigators  in  finding  ground  targets,  both  using  unaided  vision  through 
tbs  oookpit  canopy  or  optical  or  eleotro  optical  systans  such  as  television.  The  visual  targets 
on  the  ground  nay  be  anything  froa  terrain  features  whioh  are  useful  for  navigation  to  targets 
of  military  signifiosnoe,  and  the  answers  required  are  used  in  an  equally  large  variety  of  ways 
fron  detailed  projeot  specification  of  present  systans  to  broad  assessnent  studies  of  future 
systems.  Par  exeaple,  a  problem  very  auch  in  vogue  at  present  is  that  of  defining  the  best 
height  and  speed  for  future  ground  attack  aircraft,  a  problem  whioh  is  an  ertrenely  complicated 
nix  of  aircraft  effectiveness  in  the  tasks  set  and  the  defense  effectiveness. 

Much  of  our  effort  goes  into  a  flying  programme  as  this  tends  to  give  the  aost  reliable  answers, 
and  is  frequently  the  quickest.  But,  we  also  put  a  lot  of  effort  into  simulation  and,  as  a 
broad  link  to  all  the  faoets  of  our  work,  as  well  as  prsdiction  in  its  own  right,  visual  theoxy. 

It  is  this  last  aspeot  of  our  work,  the  use  of  visual  theoxy  in  the  prediction  of  the  deteotion 
ranges  of  targets  in  searoh  situations  that  is  presented  in  this  paper.  This  theoxy  is  not  new, 
but  there  is  a  narked  laok  of  any  corroboration  of  the  theory  by  testing  it  against  actual  visual 
perforaanoe.  The  two  tests  included  here  and  the  flight  data  on  visual  thresholds  achieved  in 
the  absence  of  searoh  in  an  air-to-ground  target  deteotion  task  are,  consequently,  of  great 
interest . 

In  the  following  sections,  the  visual  theory  is  first  introduoad  very  briefly,  with  the  flight 
aeasurenents  of  visual  thresholds,  and  then  the  analysis  in  terms  of  visual  theory  of  two 
laboratory  searoh  experiments  is  presented. 

VISUAL  THEORY 

The  visual  theory  I  ac  going  to  talk  about  today  nay  be  considered  in  two  parte;  first,  visual 
perforaanoe  when  no  searoh  is  involved;  and  second,  the  way  this  is  modified  by  search.  The  first 
part  concerns  the  visual  limitations  of  the  fovea,  the  part  of  the  retina  used  when  looking 
directly  at  something,  and  the  second  part  is  conoerned  with  the  increasingly  poor  resolving 
capabilities,  (under  normal  'daylight'  lighting  conditions  at  least),  of  retinal  regions  further 
from  the  fovea.  These  two  aspects  are  considered  separately  in  the  following  two  sub-section3. 

FOVEAL  VISION  :  The  concept  used  in  the  theory  is  the  very  familiar  one  of  considering 
visual  deteotion  to  be  limited  by  the  contrast  and  site  of  a  target.  That  is,  if  a  target  has  a 
certain  oontrast  with  its  background,  an  observer  will  only  see  it  if  he  moves  close  enough  that 
the  target  subtends  a  certain  threshold  sise  at  his  eyo^  This  is  illustrated  in  Fig.1  whioh 
depicts  a  typical  ourve  derived  in  laboratory  experiments  to  relate  the  contrasts  and  sices  of 
targets  which  are  'just'  visible  to  an  observer,  fin  fact,  the  dividing  line  between  targets 
being  visible  or  invisible  is  not  a  sharp  one,  ana  the  actual  lines  depicted  usually  correspond 
to  the  contrasts  and  sises  of  targets  whioh  are  seen  by  the  observers  on  of  presentations, 
vis,  the  line  for  5 QJ4  frequency  of  seeing.  A  rough  and  realty  rule  for  converting  these  50JS 
thresholds  to  higher  frequencies  of  seeing  is  that,  in  the  laboratory  at  least,  nearly  double  the 
contrast  is  required  to  allow  for  an  increase  in  the  frequency  of  seeing  to  95$.  There  are,  of 
course,  also  differences  between  observers  corresponding  to  factors  of  two  on  the  threshold 
target  oontrast . j  Jiven  a  curve  such  as  in  Fig.1,  and  the  atmospherio  visibility,  it  is 
relatively  eaay  to  predict  the  mean  value  and  the  variability  of  the  deteotion  range  of2a,slmplg 
disc  target  specified  in  terms  of  sise  and  its  oontrast  relative  to  a  plain  background. 

However,  what  does  not  appear  to  have  been  appreciated  is  that  there  is  no  single  threshold 
curve  as  in  Fig.1 ,  but  that  even  in  the  ideal  conditions  of  the  laboratory  tremendous  differences 
between  threshold  curves  are  obtained  depending  on  the  precise  conditions  of  the  experiment. 

This  is  illustrated  in  Fig. 2  where  s  variety  of  such  curves  have  been  collected;  the 

spread  of  these  curves  is  seen  to  be  extremely  large  and  suoh  that  targets  which  would  be 
predicted  to  have  been  seen  at  very  long  range  by  the  more  optimistic  data  are  not  seen  at  all 
according  to  other  data. 

One  of  the  disturbing  features  of  the  curves  is  Fig. 2  is  that  not  all  tbs  curves  msy  be 
converted  into  other  threshold  curves  by  simple  translation  along  the  contrast  axis.  This 
Implies  that  the  standard  technique  of  oorreoting  laboratory  data  to  practical  circumstances,  by 
multiplying  the  laboratory  contrast  thresholds  by  a  ponstant  degradation  factor,  is  unlikely  to 
be  valid  for  all  target  sises  unless  one  first  starts  with  a  laboratory  ourve  of  the  right  shape. 
This  'right  shape'  oan  really  only  be  defined  for  a  given  viewing  situation  by  comparison  with 
aeasurwaents  for  that  situation,  but  for  aerial  observation  some  «f  the  oiroumstanoes  of  the 
laboratory  experiment s,  suoh  as  the  unlimited  exposure  time  of  one  of  Blackwell's  curves,  would 
also  suggest  their  inapplicability  to  aost  real  viewing  situations.  The  visual  lobe  equation 
would  also  seem  to  be  at  variance  with  the  rest  of  the  date  by  the  way  that  it  is  so  steep  for 
the  larger  target  sises. 

In  reference  11,  soae  data  are  available  for  oontrast/ site  thresholds  of  ground  targets, 
suoh  as  large  country  houses,  large  bridges  and  etc.,  when  viewed  from  the  air.  In  this  air 
trial,  the  deteotion  ranges  for  the  targets  were  measured  at  the  same  time  as  the  approaches  to 
the  targets  were  beii.j  filmed,  end  the  films  were  then  analysed  for  the  apparent  oontrast  and 
sise  of  the  target  at  the  flight  deteotion  range.  These  data  are  compared  with  the  laboratory 
data  in  Fig. 3,  where  it  is  seen  that  the  points  are  scattered  about  a  shallow  ourve  within  the 
spread  of  the  more  pessimistic  laboratory  data.  This  is  quits  surprising  as  all  the  laboratory 
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data  is  for  uniform  disc  targets  in  plain  backgrounds  so  that  the  flight  situation  would  appear 
to  haws  introduced  no  degradations  due  to  either  the  less  comfortable  viewing  environment  or  the 
complex  backgrounds  to  the  target.  This  could  have  been  due  to  the  faot  that  the  targets  were 
very  prominent  in  their  backgrounds,  and  we  are  pursuing  this  work  to  extend  the  data  to  a  wider 
range  of  targets. 

SKABCH  i  In  most  viewing  circumstances,  visual  performance  is  not  as  good  as  indicated  by 
foveal  considerations  simply  beoause  the  observer  has  to  search  for  the  target.  In  this  oase, 
the  target  may  first  be  deteoted  by  vision  away  from  the  foveal  regions;  though  one  would 
normally  immediately  turn  the  fovea  on  to  the  target  to  check  the  extra-foveal  detection. 

The  analysis  of  search  situations  assumes  that  search  proceeds  in  a  series  of  independent 
glimpses,  each  glimpse  covering  a  certain  amount  of  the  search  area,  whether  the  background  be 
plain  or  composed  of  confusable  objeots.  The  amount  of  the  search  area  oovered  at  a  single 
glimpse  is  commonly  called  a  'visual- lobe1,  (not  to  be  confused  with  the  visual- lob* equation 
which  is  simply  an  equation  which  purports  to  define  the  sixes  of  visual-lobes  as  a  function  of 
target  parameters).  The  visual  lobe  concept  is  discussed  fully  in  reference  12;  for  the  present, 
the  hard-shell  approximation  to  the  real  visual  facts  are  pursued.  This  approximation  is 
illustrated  in  fig .4.  In  this  figure,  a  single  glimpse  at  a  target  has  around  its  axis  contours 
of  the  frequency  (probability)  with  which  a  target  of  given  contrast  and  site  would  be  seen  if 
placed  on  that  contour.  This  frequency  of  seeing  has  a  maximum  value  on  the  axis  and  reduces  to 
sero  at  large  angular  distances  from  the  axis.  The  hard-shell  approximation  is  seen  in  Pig .4  to 
be  an  area  equivalent  to  an  average  of  the  distributed  frequency  of  seeing  contours  suoh  that 
inside  the  shell  a  target  is  taken  to  be  seen,  and  outside  it  the  target  is  not  seen.  The 
assumption  is  directly  equivalent  to  assuming  that  the  foveal  threshold  curve  in  Pig.l  represents 
a  sharp  boundary  between  visible  and  not  visible. 

Two  sources  of  data  for  the  performance  of  the  retina  in  regions  away  from  the  fovea  have 
been  used  to  calculate  visual  lobe  sixes,  the  visual-lobe  equation**-  and  J.  H.  Taylor's  data®. 
These  are  oompared  in  Fig .5  where  it  is  seen  that  while  they  have  much  in  ooamon,  there  are  also 
narked  differences.  Other  data  reviewed  in  reference  13  supports  the  J.  H.  Taylor  data,  but  in 
view  of  the  fact  that  many  other  experimental  results  whloh  oould  be  interpreted  in  terms  of 
visual  lobe  aises  have  appeared  in  the  literature  since  this  review,  a  further  review  of  extra- 
foveal  visual  data  would  not  bo  inappropriate  at  the  present  time.  All  our  latest  theoretical 
work  usis  the  J.  H.  Taylor  data. 

Thus,  in  principle  we  have  the  means  to  predict  visual  performance  in  aqy  given  search 
situation.  In  practice,  of  course,  there  are  maqjr  difficulties;  for  example,  the  number  of 
useful,  independent,  glimpses  per  second  is  not  well  defined  for  real  life  viewing;  the 
definition  of  the  search  path  likely  to  be  taken  by  the  observers  cannot  bo  specified  in  most 
oases;  and,  the  detection  of  real  targets  probably  involve  deeper  intellectual  processes  than 
the  detection  of  plain  discs  in  plain  backgrounds  so  that  tbs  observer  needs  e  'thinking  time' 
as  well  as  a  search  time.  However,  as  a  start  to  testing  this  theory  in  search  situations,  the 
results  of  two  laboratory  search  experiments  have  been  analysed  in  terms  of  this  theory.  In  both 
experiments,  the  observers  searched  for  a  small  low  contrast  target  in  e  plain  search  area,  but 
in  the  second  experiment,  the  target  grew  in  oontrast  and  sise  from  being  initially  invisible  at 
the  start  of  search. 


AKAUSB  OF  XSmiHBNTAL  DATA 


The  first  experiment  to  bo  analysed  was  that  by  Krendel  and  Wodi  risky1  .  Tbs  observer  searched 
for  a  target  in  a  plain  background,  and  tbs  target  sise  and  oontrast,  and  the  background  else  and 
luminance  mere  varied  systematically.  Under  suoh  circumstances,  and  the  assumption  of  random 
glimpsing,  the  proportion  of  targets  soon  in  time  t  oould  be  expeoted  to  be  given  by 


P  ■  1 


-  .-V*. 


(1) 


where  v  is  a  time  constant  for  the  searoh  situation.  Krendel  and  Wodinsky  found  that  most  of 
their  data  fitted  this  aquation,  with  the  exooptions  of  targets  which  were  very  near  the  formal 
threshold  of  vision  whan  extra  tins  seated  to  have  been  needed  by  the  observers  to  make  up  their 
wind  es  to  whether  the  objeot  they  were  looking  et  was  really  the  target.  They  concluded  that 
visual  searoh  in  suoh  olreunctanoos  was  effectively  random,  even  though  it  is  alto  known  that 
observers  do  try  end  bo  e  little  mere  systeaetlo. 


In  terms  of  e  visual  lobe  of  radius  'O'  degrees  in  a  searoh  area  of  radius 
as  sumption  of  Q«fl,  *  is  given  by 


v 


T 


fi. 


and  with  the 

(2) 


where  T  is  the  average  tins  required  to  make  a  glimpse.  This  equation  pr# diots  that*  should 
increase  linearly  with  the  solid  engls,  fr,  subtended  by  the  searoh  area,  and  again,  with  a  few 
exceptions  for  tbs  near  threshold  targets,  this  was  found  to  be  true.  An  example  of  the  data 
is  shomn  in  ttg.6i.  In  Fig. £3  is  shown  an  example  of  the  data  for  near  threshold  targets  wbsre 
the  streight  lines  do  not  go  through  the  origin,  possibly  beoause  Krendel  and  Wodinalgr's 
original  analysts  of  the  data  did  not  allow  for  a  substantial  reaotion  tins  in  these  situations. 
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or  possibly  because  of  other  genuine  hut  rather  Inexplicable +  aapeots  of  such  situations.  The 
slopes  of  these  lines  allow,  from  equation  2  with  an  assumption  for  T,  for  the  calculation  of  0, 
the  radius  of  the  effective  visual  lobe.  Values  of  T  of  §  and  seconds  were  tried  in 

the  analysis,  with  the  resulting  variations  of  0  with  target  contrast  compared  with  the 
laboratory  data  for  eaoh  target  sise.  The  best  fit  was  given  by  a  value  for  T  of  j  sec  with 
J.  H.  Taylor’s  data,  as  depicted  in  Fig.7j  though  nearly  as  good  a  fit  was  also  given  by  a  glimpse 
tins  of  J  seoond  and  slightly  different  foveal  thresholds  from  those  used  to  construct  Fig. 7. 

(These  foveal  thresholds  will  be  disoussed  later.)  It  is  seen  that  the  experimental  search  data 
is  quite  ccnsistent  with  laboratory  data  on  the  sizes  of  visual  lobes  and  glimpse  tioes.  It  must 
be  admitted,  however,  that  beoause  the  experimental  targets  were  so  near  to  the  foveal  threshold 
the  prediction  of  the  experimental  search  time  constants  from  the  ideal  data,  or  ever  from  the 
smoothed  experimentally  derived  values  of  0, results  in  extremely  large  random  errors. 

The  second  experiment  analysed  was  undertaken  at  the  Royal  Radar  Establishment1^  at  Malvern, 
England,  and  was  a  simulation  of  an  observer  searching  for  an  aircraft  that  was  flying  directly 
towards  him.  The  observer  looked  at  a  white  screen  illuminated  to  100  ft  L,  and  on  this  screen 
was  superimposed  a  diamond  shaped  target  which  increased  in  size  and  contrast  according  to  the 
geometrical  and  atmospherio  laws  governing  the  real-life  situation.  The  target  size  and  the 
visibility  were  varied  as  main  variables,  and  some  work  was  also  done  for  different  target 
contrasts  and  approach  speeds.  Attempts  were  made  to  predict  the  experimental  results  with  only 
two  manipulations  being  allowed  in  the  theory,  vis,  the  choice  of  glimpse  time  and  the  foveal 
thresholds  for  each  target  size.  A  comparison  between  theory  and  practice  is  shown  in  Fig.8. 

It  is  seen  that  the  shapes  of  the  experimental  distributions,  particularly  their  slopes  at  ths 
median  ranges,  have  been  predicted  extremely  well  by  theory. +  The  effeot  of  target  size  is  also 
well  matched  by  theory,  as  although  the  positioning  of  the  graphs  along  the  range  axis  has  been 
manipulated  separately  through  the  degradation  constant  on  the  foveal  threshold,  the  range  error 
without  such  separata  manipulation  would  only  have  been  +0.2  km,  and  -0.2  km  for  the  small  and 
large  target  respectively.  One  of  the  interesting  features  of  Fig.8  is  that  it  shows  so  clearly 
how  the  manipulation  of  the  maximum  possible  detection  range,  the  toe  of  each  distribution,  seems 
to  move  ths  whole  distributions  along  the  range  axis  with  little  effect  on  the  shape  of  the 
distributions,  so  that  in  this  particular  instance  the  search  and  foveal  aspects  behave 
independently  of  each  other. 

In  Fig.9,  the  theoretical  effeot  of  visibility  on  the  detection  of  the  medium  sized  target  is 
compared  with  practice.  The  effeot  of  the  10  km  limit  to  the  simulation  is  apparent  in  the  way 
that  some  distributions  have  been  squashed  against  the  higher  ranges,  but  it  is  seen  that  theory 
has  reproduced  this  correotly  and  is  again  in  good  agreement  with  practioe. 

The  analysis  of  the  Krendel  and  VodinslQr  and  the  RHB  data  provided  values  for  the  foveal  thresholds 
appropriate  to  their  viewing  ciroumstanoes  and  their  sample  of  observers,  and  it  is  interesting 
to  see  the  comparison  of  these  in  Fig.10  (from  reference  12)  with  the  field  data  reported 
earlier.  The  thresholds  derived  from  the  searoh  experiments  for  the  plain  targets  in  the  plain 
backgrounds  are  seen  to  agree  quite  well  with  the  flight  data.  This  is  quite  surprising  in  view 
of  the  complex  backgrounds  for  the  field  targets,  and  reflects  the  inexplicably  small  differences 
found  between  the  flight  data  and  the  established  laboratory  data  in  section  1 .1 . 

These  analyses  of  the  two  searoh  experiments  above  have  shown  that  the  experimental  data  can  be 
described  by  visual  search  theory  using  quite  standard  visual  data  in  all  respects.  It  is 
particularly  interesting  that  glimpse  times  of  the  order  i  -  §  sec,  which  agree  with  laboratory 
measurements,  were  found  adequate,  and  that  the  foveal  thresholds  agree  so  well  with  other 
laboratory  data.  The  element  of  dynamics  introduced  by  the  second,  RRE  experiment  in  the  way 
that  the  target  approached  the  observer  appears  to  have  had  no  adverse  effect  on  the  theory  which 
encourages  the  use  of  the  theory  in  such  ciroumstanoes. 

DISCUSSION  AND  C0NC 10310* 

The  analyses  of  tbs  two  searoh  experiments  in  this  paper  encourages  the  use  of  visual  theory  in 
circumstances  of  search,  and  the  comparison  of  the  field  foveal  thresholds  with  laboratory  data 
suggests  that  this  search  theory  aay  also  apply  to  real  life  search  oircumstanoes  as  well  as  to 
idealised  laboratory  searoh  circumstances.  However,  some  internal  features  of  the  present 
analyses,  particularly  that  of  the  Krendel  and  Wodinsky  data,  suggest  that  field  targets  rather 
less  prominent  than  those  used  in  the  flight  trial  may  introduce  difficulties,  and  the  next  phase 
of  our  work  at  the  Royal  Aircraft  Establishment  is  oertainly  to  attempt  to  test  visual  theory 
with  suoh  targets.  Plight  trials  whioh  are  suitable  for  good  theoretical  analysis  are,  however, 
relatively  infrequent,  and  progress  must  consequently  be  relatively  slow. 


+  It  must  also  be  mentioned  that  all  the  experimental  distributions  in  Figs.  7  and  8  could  have 
been  matched  almost  as  well  with  a  glimpse  time  of  i  seo  instead  of  the  $  sec  actually  used, 
but  also  using  slightly  (0.1 )  higher  degradation  constants  on  the  foveal  thresholds.  The 
slopes  of  the  distributions  at  their  median  range  proved  to  be  relatively  insensitive  to  the 

assumed  glimpse  time. 
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One  of  the  interesting  aspects  of  the  analyses  of  the  search  experiments  is  that  the  experimental 
results  have  been  matched  by  the  use  of  relatively  standard,  albeit  selected,  data  in  the  theory. 
In  particular,  glimpse  times  of  the  order  of  j  to  |  seconds  were  found  to  be  adequate,  in  contrast 
with  the  l£  seconds  often  considered  necessary  to  apply  to  'operational'  search.  The  definition 
of  effective  glimpse  times  for  a  wide  variety  of  search  tasks  is  obviously  an  important  step  in 
using  visual  theory  and  the  present  values  of  -j  to  §  seconds  need  to  be  tested  in  more  difficult 
tasks. 

In  view  of  the  difficulty  mentioned  above  in  obtaining  good  trials  data  for  theoretical  analysis, 
an  important  step  in  the  further  development  of  the  theory  must  be  in  laboratory  simulation  of 
the  real  task,  not  necessarily  with  scale  models  of  real  search  situations,  but  possibly  with 
synthetic  tasks  which  appear  to  contain  all  the  elements  of  the  real  situation,  such  as  the 
existenoe  of  backgrounds  or  the  difficulty  of  the  targets.  Paper  A.2  in  these  proceedings  by 
Professor  C.  I.  Howarth  and  Mr.  J.  Bloomfield  concerns  simulation  work  which  has  been  proceeding 
on  these  lines  at  the  University  of  Nottingham  to  investigate  the  application  of  visual  search 
theory  to  situations  with  a  non-uniform  background. 

In  conclusion,  it  may  be  said  that  whereas  this  paper  has  highlighted  the  very  large  variability 
in  visual  performance  which  exists  in  even  the  simplest  of  laboratory  target  detection  tasks, 
which  dees  not  encourage  the  hope  for  accurate  prediction  of  inflight  performance,  the  flight 
detection  data  and  the  analyses  of  the  search  experiments  show  that  the  link  between  the  present 
visual  theory  and  real  life  target  acquisition  is  a  strong  one.  There  are  undoubtedly  many 
obstacles  to  be  overcome  before  we  can  expect  theoiy  to  be  the  complete  predictor  of  visual 
performance,  but  this  paper  has  shown  that  it  is  worth  making  the  effort. 
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THRESHOLD  CURVE 


LOG.Q  TARGET  SIZE. 

(DIA  IN  MIN  CF  ARC) 


THE  TARGET  IS  A 
UNIFORM  DISC  IN  A 
PLAIN  BACKGROUND 


FIG.  I  AN  EXAMPLE  OF  A  CONTRAST/SIZE  FOVEAL  THRESHOLD  CURVE 
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CURVE 

No 

SOURCE  ^ 

COMMENTS 

1 

BLACKWELL6 

FIXATED  VISION.  UNLIMITED  LOBE  TIME  FORCED 
CHOICE.  IOO  ft.L.  DATA  ONLY  DEPICTED. 

2 

J-H.  TAYLOR  7 

FIXATED  VISION,  FORCED  CHOICE 
^ see  EXPOSURE  TIME.  IOOft.L. 

3 

BLACKWaL  &  McCREADY* 

FIXATED  VISION ,  FORCED  CHOICE 
(see  EXPOSURE  TIME.  IOOft.L. 

4 

BLACKWELL  &  McCREADY  * 

5 

BLACKWELL  9 

8  POSITION  SEARCH  IN  6  SECONDS 

FORCED  CHOICE.  IOOft.L.  DATA  ONLY. 

6a 

6b 

LAMAR  etal"> 

(ANALYSED  IN  REF  13) 
ii 

8  POSITION  SEARCH,  IN  3  SECONDS 

FORCED  CHOICE.  2950  ft.L 

AS  FOR  6a, BUT  17-5  ft.L, 

7 

THE  VISUAL  LOBE4 
EQUATION 

c-17561**  l9  6/«2 

APPLICABLE  TO  DAYLIGHT'  VIEWING. 

B 

Vos  «tal' 

8  POSITION  SEARCH,  SLOWLY  INCREASING 

STIMULUS.  FREE  CHOICE.  DATA  PRESENTED 
INCLUDING  SUBJECT  RANGE' 

FIG  2A-.  KEY  TO  FIG  2 
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6  DEGREES 


J-H.  TAYLOR. 


0  05  10  1-5 

[LOG, o  TARGET  CONTRAST- LOG  FOVEAL  THRESHOLD  CONTRAS' 


FIG  5  DATA  ON  THE  EXTRA  CONTRAST  REQUIRED  FOR  A  TARGET 
TO  BE  VISIBLE  AT  0  DEGREES  OFF  THE  FOVEAL  AXIS 
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target  size 
4  3  MIN  OF  ARC 


TARQET 
'  CONTRAST 


T  -  SEARCH  TIHE  CONSTANT 
IN 

p*l-aVT 

IN  TERMS  OF  THEORETICAL 
PARAMETERS : 


LA METERS : 

-T(ir 


T 

(SCCONOS) 


<t>  »  RADIUS  OF  SEARCH 
AREA 

6  -  RAOIUS  OF  VISUAL 
LOBE 

T  *■  GLIMPSE  INTERVAL 

(DATA  FROM  K  RE  NOEL 
AND  WOOINSAV) 


02.  04  Ob 

SEARCH  AREA  (STERADIAN^) 

FIG  6A  PLOTS  OF  SEARCH  TIME  CONSTANT  r  AGAINST  SEARCH  AREA  SIZE 


5$>V  * 


(seconds) 


_ TARGET  CONTRAST 

TARGET  SIZE  24  MIN  OF  ARC 
BACKGROUND  LUMINANCE  «  12  4  ft.  L. 


DATA  FROM  KRENOEL  AND 
WODINSKY 


02  0-4  OC 

SEARCH  AREA  (STERADlANS) 


FIG.6B  AN  EXAMPLE  OF  r-  <f  GRAPHS  WHICH  DO  NOT  GO  THROUGH  THE  ORIGIN 


ANGULAR  RADIUS  OF  VISUAL  LOBE  OEQREES 
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Theoretical  distribution 
Practical  distribution 


Target  contrast  os 
Visibility  to  km. 

Speed  o  -  3  km/sec 
Glimpse  time  f  sec 

Deqradation  contrast  01  (i480m*) 
o  2  (370  m1) 
o  »  (92  sm1) 


HRE  Experimental  Data 


2  4  6  6  10 

Tbrget  range  km 

Fig. 8  Comparison  between  the  theoretical  and  practical  effect  of  target  size 
(2/3  sec  glimpse  time  and  optimum  degredation  constant) 


-  THEORETICAL 

DISTRIBUTION 

- MEAN  PRACTICAL 

DISTRIBUTION 

TARGET  AREA  -  370  m2 
TARGET  CONTRAST  -  0-5 
APROACH  SPEED-0  3km/sec. 
DEGRADATION  CONSTANT- 0-2C 


RRE  EXPERIMENTAL  DATA 


2  4  6  8  10 

TARGET  RANGE  km 

FIG. 9  COMPARISON  OF  THEORY  AND  EXPERIMENT  FOR  THE  EFFECT  OF  VISIBILITY. 


DATA  SOURCES 

KRENDEL  &WODINSKY 
A  ADJUSTED  TO  IOO  ft  L 

X  RRE 


DERIVED  FROM  AN 
ANALYSIS  OF  EXPERIMENTAL 
SEARCH  DATA 


•  BAC  Y  MEASURED  VALUES  FOR 

Y  RAE  J  FLIGHT  CONDITIONS 


FIG.  10  FOVEAL  THRESHOLD  DATA  EXTRACTED  FROM  THE  ANALYSES  OF 
TWO  LABORATORY  SEARCH  EXPERIMENTS  AND  TV*)  FLIGHT  EXPERfCNTS 


TOWARDS  A  THEORY  OF  VISUAL  SEARCH 
by 

C.  I.  HOWARTH  and  J.  R.  BLOOMFIELD 
Department  of  Paychology,  University  of  Nottingham. 
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SUMMARY 

As  part  of  a  fuller  progranae  of  research  into  the  nature  of  visual  search,  we  have  devised  a 
staple,  adaptable  search  task  in  which  subjects  look  for  the  odd  disc  in  a  display  of  larger  or 
smaller  discs.  We  have  carried  out  extensive  studies  of  well  practised  observers,  producing  much 
basic  search  data. 

We  have  derived  a  model  of  search  from  basic  search  theory  which,  while  being  in  no  way 
definitive,  is  mathematically  simple,  and,  to  some  extent,  accounts  for  the  data  we  have  found 
experimentally.  However,  there  are  some  problems,  and  this  is  no  more  than  a  first  step  in  a 
continuing  effort  to  devise  ways  of  predicting  the  range  and  latency  of  real  targets  from  a  physical 
specification  of  the  target-background  complex. 
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1.  SEARCH  DETERMINANTS 

Search  ocean  when  a  target  cannot  be  located  ismediately .  There  are  several  reasons  why  search  may 

be  necessary. 

(a)  OBSTRUCTION  The  target  may  be  completely,  or  partially,  obscured.  In  this  case  visual 
search  alooe  may  not  be  sufficient,  though  it  may  enable  the  observer  to  deduce  the  most  likely  place 
for  the  target.  To  make  a  positive  detection,  visual  search  may  have  to  be  augmented  either  by 
bodily  or  manual  search;  i.e.  the  observer  may  have  to  move  himself  or  move  the  obstructions  until  a 
clear  view  of  the  target  is  possible.  When  an  unobstructed  view  has  been  obtained,  if  search  is  still 
necessary  it  will  be  for  one  of  the  reasons  below. 

(b)  DISTORTION  In  this  case,  too,  visual  search  may  not  end  in  detection  of  the  target,  though 
the  observer  may  be  able  to  estimate  the  extent  of  the  distortion  by  recognising  non-target  stimuli. 
Often,  detection  of  a  distorted  target  may  only  be  possible,  after  the  observer  has  been  familiarised 
with  possible  distortions  or  has  had  practice  in  the  particular  situation.  If  search  is  still 
necessary  after  the  observer  has  learnt  how  to  deal  with  distortion  effects,  it  will  be  for  one  of  the 
reasons  below. 

(c)  SIZE  The  target  may  be  hard  to  detect,  because  it  is  very  small  relative  to  the  total 

search  area. 

(d)  EMBEDDEDNESS  The  target  may  not  be  immediately  detectable,  because  it  does  not  emerge 
perceptually  from  its  immediate  background:  there  is  very  low  contrast  between  target  and  background. 
Both  the  case  of  a  weak  near  threshold  target  in  a  plain  or  noisy  background,  and  that  of  a 
camouflaged  target  in  a  complex  background  are  included  in  this  category. 

(e)  COMPETITION  Here  the  target  is  clearly  distinguishable  from  its  immediate  background,  but 
it  is  difficult  to  detect  because  it  is  confusable  with  non-target  stimuli.  The  problem  is  one  of 
discrimination  and,  obviously,  the  greater  the  differences  between  the  target  and  the  other  stimuli, 
the  easier  the  task. 

In  practice  search  may  be  necessitated  by  any  combination  of  these  reasons. 

2.  EXPERIMENTAL  APPROACH 

We  have  tried  to  produce  a  solid  body  of  dsta,  which  can  be  used,  either  as  the  basis  for  the 
development  of  search  theories,  or  to  test  existing  theories.  We  have  looked  in  detail  at  the 
Competition  case.  Here  the  target  may  differ  from  the  non-target  stimuli  along  one  or  more  of  the 
following  dimensions:  (i)  colour,  (ii)  intensity,  (iii)  shape  and  (iv)  size.  Also  other  variables, 
such  as  the  (v)  number,  (vi)  density  and  (vii)  distribution  of  non-target  stimuli,  must  be  considered. 
There  has  been  little  systematic  investigation  of  these  variables.  Smith  (1962)  used  several 
different  target  shapes  (triangle,  square,  pentagon  and  hexagon)  with  circles  as  non-target  stimuli. 

He  also  varied  the  density  of  the  stimuli.  Brody,  Corbin  and  Volkmann  (1960)  investigated  the  number 
of  stimuli  -  they  held  the  density  constant,  so  display  size  increased  with  nimfeer.  Williams  (1967) 
has  varied  the  colour,  size  and  shape  of  his  stimuli,  but,  in  his  work,  it  is  difficult  to  assess  the 
effects  of  these  variables,  because  his  targets  were  designated  by  two-digit  numbers  (placed  in  the 
centre  of  particular  target  atimuli)  and  he  did  not  report  search  times  (instead  recording  the  numbers 
of  fixations  falling  on  stimuli  of  various  colours,  shapes  and  sizes). 

We  have  looked  in  considerable  detail  at  size  differences  and,  in  our  next  series  of  experiments 
hope  to  relate  these  to  shape  differences. 

3.  EXPERIMENTAL  METHOD 

Using  an  overhead  projector.  Chin  perspex  sheets,  in  which  shallow  holes  have  been  drilled,  and 
ball  bearings  of  various  sizes,  we  have  devised  a  technique  for  search  experiments  that  enables  us  to 
undertake  extensive  studies  on  well  practised  observers.  The  search  task  has  been  to  find  a  disc  of 
different  size  from  the  other  discs  in  a  particular  display.  We  have  recorded  search  times  as  we 
have  varied  the  target-noo-target  size  difference,  and  now  have  data  for  a  wide  range  of  conditions. 
These  include:  searches  with  all  targets  bigger  than  the  non-target  stimuli,  searches  with  all  targets 
smaller,  and  searches  with  soma  bigger  and  some  smaller;  comparisons  between  search  among  regularly 
and  irregularly  arranged  stisaili,  and  comparisons  between  search  in  displays  that  vary  in  the  density 
of  non-target  stimuli.  Data  has  been  obtained  for  targets  placed  in  displays  where  the  non-target 
stimuli  include  several  different  sizes  of  disc,  and  for  search  when  the  observer  has  not  known  which 
of  several  targets  to  expect.  Typical  results  of  varying  targat-non-target  size  differences  are  shown 
in  Figures  1  and  2.  The  data  shown  is  for  a  regularly  arranged  matrix,  with  the  largest  discs  as  non- 
target  atimuli  and  six  sawller  discs  as  targets.  In  Figure  1,  naan  search  time  is  plotted  against 
the  target-noo-target  size  difference,  expressed  as  a  percentage  of  the  non-target  size.  In  Figure  2 
the  cumulative  distribution  of  the  search  tinea  for  the  six  targets  is  shown. 

4.  THEORETICAL  APPROACH 

He  have  attempted  to  extend  basic  search  theory  to  account  for  the  affects  we  have  obtained 
experimentally.  Lika  moat  search  theorists  we  have  made  several  assumptions :  (i)  that  detection  of  a 
target  only  occurs  in  fixation  periods;  (ii)  that  the  aye  is  most  sensitive  along  the  line  of  sight 
and  that  the  target  can  only  be  detected  if  it  is  within  what  is  usually  known  as  the  visual  lobe,  i.e. 
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within  a  snail  part  of  the  visual  field  close  to  the  line  of  sight  (see  paper  A:1  in  these 
proceedings  by  Dr.  E .  B.  Davies  for  more  details);  (iii)  that  a  section  through  the  visual  lobe  at 
right  angles  to  the  line  of  sight  will  be  circular  (see  section  6:1  for  a  discussion  of  this 
asstaption);  (iv)  that  the  t  law  for  a  single  fixation  can  be  reasonably  represented  by  an  average 
fixation  tine,  'ts'  (see  section  6:2  for  a  discussion  of  this  assiaption)  and  that  the  probability 
of  detecting  the  target  in  a  single  fixation  can  be  represented  by  the  average  probability,  'ps'  - 
both  'ts'  and  'ps'  reaaining  roughly  constant  under  constant  conditions  (tarn  observer,  same 
illumination,  same  type  of  display,  same  display  distance). 

Then  after  'n'  fixations  the  probability  of  detecting  the  target,  pn,  is  given  by: 

pn  -  nps,  for  efficient,  regular  search 

or  pn  ■  1  -  (l-ps)n,  for  independent,  random  search  (1) 

The  mean  number  of  fixations,  B,  required  to  detect  a  randomly  placed  target  is  given  by: 

B  -  J(^g+D.  regular 

or  n  »  —  ,  random  (2) 

ps 

Now,  the  mean  search  time,  t,  equals  the  mean  time  for  fixations  plus  the  mean  time  for  saccades 
between  fixations.  Ignoring  the  latter,  which  is,  comparatively  very  small,  we  have: 


Prom  (2)  and  (3) :  , 

t  -  ^§(^j+l) ,  regular 

or  t  ■  —  ,  random 

ps 

The  average  probability  of  detection,  ps,  is  related  to  the  average  area,  a,  covered  by  the 
visual  lobe  in  a  single  fixation  and  to  the  search  area,  'A',  as  follows: 

a  , 

p.  -  j.l 

where  ' L '  is  the  probability  that  if  the  target  falls  within  'a'  it  wiil  be  detected. 

From  (6)  and  (5) : 

t  -  ■=^(Ar:+l).  regular 


Dp  to  this  stage,  nothing  has  been  added  to  basic  search  theory,  although  the  equations  are  not 
uaually  expressed  in  this  form.  If  they  were,  we  would  have  expected  this  simple  relation  to  have 
been  empirically  validated.  As  it  has  not,  we  are,  at  present,  attempting  to  do  this,  by  directly 
determining  't'  and  'ts*  during  search  of  a  given  area,  'A',  and  determining  the  extent  of  'a',  for 
varioua  values  of  'L',  for  single  glimpses,  equal  in  duration  to  'ts',  at  the  same  search  display. 

Let  the  angular  distance  away  from  the  fovea,  at  which  the  target  can  be  detected,  be'6'.  Then, 
assiaing  the  area  covered  by  the  visual  lobe  in  the  plain  of  the  search  area  is  circular, 

a  -  B62  (7) 

Weymouth  (1958)  showed  that,  for  a  wide  range  of  situations,  when  visual  acuity  is  measured  in 
linear  units,  'A*',  rather  than  as  a  reciprocal. 


where  '*>'  is  a  constant  for  a  given  experimental  situation-!  Figure  3  is  taken  from  Weymouth,  and 
shams  this  relationship  for  soma  visual  acuity  data  obtained  by  Ludvigh  (1941).  In  our  competition 
situation,  we  have  identified  'l«'  with  the  difference  in  diameter  of  non-target  and  target  discs, 
so  equation  (8)  becomes: 


where  «  is  the  dialer  of  non-target  discs,  and  ■_  is  the  disaster  of  target  discs.  Recent  work  in 
our  Department  shews  directly  that  this  equation  does  describe  the  relation  between  the  distance 
between  two  discs,  and  the  threshold  else  difference. 
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Fro*  (7)  and  (9) : 

*  , 
B  T' 


(10) 


Fro*  (6)  and  (10) : 

—  _  t»  ^A.*2  .L 


(c  — «  )2 

v  s  T / 


*  1)  regular 


Or 


ta.A.n2.L 

n 


K  — «  )  ^ 

b  r 


random 


(11) 


All  the  quantities  in  these  two  equations  are  separately  determinable.  Since  ’ts’,  ’A’,  ’m’ 
and  'L*  should  all  be  constant,  equation  (11)  predicts  that  a  linear  relationship  should  l e  found 
between  1'  and  1  for  both  regular  and  random  search. 

(.  -« 

'  B  T' 

5.  COMPARISON  BETWEEN  THEORETICAL  PREDICTIONS  AND  DATA 

1 

5.1  Our  search  experiments  give  measures  of  't'  and  we  can  calculate  («B~«^)Z  .  If  we  plot  these 
two  variables  against  each  other  the  points  should  fall  on  a  straight  line,  if  they  are  linearly 
related.  Figure  4  shows  this  relationship  for  two  subjects,  using  a  regularly  arranged  stimulus 
display,  with  the  largest  discs  as  non-target  stimuli,  and  six  smaller  discs  in  turn  as  targets. 
Figure  5  also  shows  against  ,  this  time  for  one  subject  using  an  irregularly  arranged 

display,  and,  in  one  case,  large  discs  as  non-target  stimuli  with  three  smaller  ones  as  targets,  and, 
the  other  case,  the  smallest  discs  as  non— target  stimuli  with  three  larger  discs  as  targets. 


All  the  experimental  dAta  we  have  plotted  in  this  way  produces  similarly  close  correspondence 
to  the  theoretical  predications l 

5.2  We  then  askedwhether  a  similar  relation  would. hold  for  a  single  disc  target  in  a  plain  back- 
background:  i.e.  for  either  the  sise  or  enfceddednesa  search  situations.  The  relation  between  ’« ’ 
and  '6',  for  this  case  can  be  extracted  from  Taylor's  (1961)  off-axis  contrast  threshold  data.  From 
Figure  6,  it  can  be  seen  that  for  '■on treat  values  1/10,  1  and  10,  for  *6'  between  0°  and  20°: 


*  -  “o  ■  m  0  (12) 

where  is  the  size  of  the  target,  '  °'  ia  the  minimum  sized  target  required  for  foveal  detection 
at  the  particular  contrast  level  and  '9'  the  masber  of  degrees  off  the  foveal  axis  at  which  the 
target  can  be  detected. 


If  we  substitute  equation 


taiA.m^L 


(12) 
i> 


+  1: 


) 


for  aquation  (9)  and  proceed  as  before  equation  (11)  becomes: 
regular 


or  t  -  ta  .k.vPl.  .  1 

B  («-«0>i 


random 


(13) 


Miller  and  Ludvigh  (1960)  obtained  values  of  't'  for  subjects  searching  for  black  discs 
against  a  long,  thin,  plain  whit*  background  strip  at  aye  level:  i.e.  a  size  search  situation.  No 
direct  value  of  '>0'  can  be  extracted  from  their  data.  However,  if  we  assume  it  has  the,  not 
unreasonable,  value  of  5  min  of  arc,  '!'  against  1  is  seen,  in  Figure  7,  to  be  linear. 


Encouraged  by  this  finding,  an  experiment  has  been  carried  out  in  our  Department  by  John  Kemp,  using 
a  dosed  circuit  television  apparatus,  in  which  subjects  searched  for  a  disc  against  a  plain 
background  -  this  was  an  embeddedness  search  situation.  A  direct  estimate  of  '«o'  was  possible,  but 
because  the  television  screen  was  not  homogeneous,  the  estimation  was  not  accurata.  The  best 
estimates  suggested  '«  '  lay  between  2.0  and  2.S  of  the  arbitrary  units  used.  Figure  8  shows  't' 
against  1  for  having  both  of  tbesa  valusa 


Again  sows  evidence  for  the  linear  relationship  was  found  though,  obviously,  more  accurate 
determination  of  '  is  required  before  any  confident  claims  esn  be  made. 

5.3  The  model  of  search  we  have  derived,  from  simple  research  theory  and  Weymouth's  use  of  scuity 
measured  in  linear  imits,  is  mathematically  simple  and,  so  far,  supported  when  cohered  to  empirical 
data.  W*  hope  to  test  the  model  further  with  other  data  obtained  both  by  us  and  by  other  workers. 


in 
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6  PROBLEMS 

6.1  There  is  evidence  chat  'a',  Che  average  area,  covered  by  a  section  through  the  visual  lobe  at 
right  angles  to  the  line  of  sight,  in  a  single  fixation,  is  not  circular,  as  ve  have  assumed. 

Chaikin,  Corbin  and  Volkmann  (1962)  shoved  that,  in  a  regular  matrix  of  discs,  for  exposure  times 
between  10  and  200  milliseconds,  the  shape  bounded  by  a  .5  probability  contour  (i.e.  the  shape  of  the 
section  through  the  visual  lobe  for  L  -  .5),  for  detection  of  a  solid  triangle,  was  ovaloid,  with  the 
horizontal  axis  significantly  longer  than  the  vertical. 

However,  it  seems  unlikely,  at  the  present  stage  of  our  theorising,  that  the  adoption  of  the 
assumption  of  circularity,  will  lead  to  serious  errors  in  estimating  the  area  of  'a'.  Because  of 
this  we  have  held  to  this  assumption,  while  remaining  aware  that  it  is  not  yet  justified.  Our 
current  experiment,  in  which  we  will  determine  the  extent  of  'a'  for  various  values  of  'L',  will 
enable  us  to  check  the  Cnaikin  et  al.  finding,  and  to  determine  the  exact  extent  of  the  error 
involved  in  this  assumption. 

6.2  White  and  Ford  (1960)  had  subjects  search  for  targets  that  could  occur  anywhere  in  a  plain 
circular  field  of  30°  diameter,  at  any  time  during  a  5  second  search  period.  Figure  9  shows  the 
frequencies  of  fixation  durations  for  a  sample  period  of  the  search  for  12  subjects.  The  distribution 
is  not  normal,  but  it  would  seem  reasonable  to  use  the  mean  fixation  time  in  theoretical  work.  However, 
White  and  Ford  give  no  indication  of  the  difficulty  of  their  task  -  they  do  not  report  search  times  or 
detection  rates.  Nor  do  they  make  an  attempt  to  find  differences  in  fixation  duration,  when  a  target 
was  actually  present  -  for  example  if  search  ends  with  a  longer  than  usual  fixation  or  with  a  grouj 

of  shorter  than  usual  fixations,  these  fixations  should  not  be  combined  with  others.  We  have 
already  mentioned  our  current  experiment  in  which  we  hope  to  determine  average  fixation  time,  'ts'. 

As  a  preliminary  step  we  must  measure  fixation  time  frequencies.  From  the  distribution  of  these,  we 
vill  be  able  to  say  whether  it  is  in  fact  justifiable  to  use  average  fixation  time  in  the  theory,  or 
whether  some  other  measure  is  necessary. 

6.3  It  is  questionable  whether  'ts'  remains  constant  as  (*B-“T)  varies.  For  example,  let  us 
consider  the  case  where  this  difference  increases,  i.e.  the  search  task  becomes  easier,  and  'l'. .mean 
search  tiue,_decreases.  If  ‘ts'  did  remain  constant,  'a'  would  be  expected  to  increase,  thus 
decreasing  't‘  (see  equation  6).  However,  it  is  as  reasonable  to  suggest  that  'a'  could  be  kept 

constant,  with  'ts*  decreasing  and,  again,  't'  would  decrease.  For  this  to  occur,  as  («_-«_)  increased 

B  T 

'm‘  would  decrease.  Since  'm'  is  defined  as  "a  constant  for  a  given  experimental  situation"  we  would 
then  have  to  say  that  a  change  in  («B-«)  effectively  changes  the  experimental  situation.  Perhaps  the 
most  reasonable  suggestion  would  be,  that  'ts'  decreases  slightly  and  'a'  increases  slightly  to 
jointly  produce  a  decrease  in  'f ' .  The  fact  that  the  relationship  between  't '  and  1  seems 

(-B-T> 

linear,  does  not  necessarily  indicate  that  'ts'  and  'at'  were  constant,  as  we 

assumed.  It  does ,  hcwever,  suggest  that  the  product  of  these  two  terms  is  constant.  Our  current 
experimental  assessment  of  'ts'  for  search  in  which  several  target  sizes  are  used  should  clarify 
this  question. 

6.4  We  would  expect  detection  to  improve  as  the  density  of  non-target  stimuli  increases.  All  the 
evidence  contradicts  this.  Figure  10  shows  that  search  time  increases  with  increasing  density  in 

an  irregular  display.  We  have  produced  similar  results  with  a  regular  display  and  Brody  et  al.  (1960) 
and  Sadtfc  (1962)  produced  the  same  density  effects. 

6.5  Search  time  distributions  are  not  well  described  in  terms  of  mean  search  times.  Figure  11 
shows  why.  The  data  is  that  already  shown  for  one  of  the  subjects  in  Figure  4.  As  search  becomes 
more  difficult,  in  this  case  as  the  target  size  increases  towards  the  largest  non-target  disc  size, 
mean  search  times  increase,  the  variability  of  search  times  also  increases  and  their  distribution 
becomes  highly  positively  skewed.  Some  investigators,  e.g.  Brody  et  al.  (1960),  have  used  median 
search  tisms.  While  these  are,  perhaps,  more  reliable  than  means,  their  use  entails  that  valuable 
information  is  ignored.  Information  that  could  be  preserved,  if  data  is  plotted  in  the  form  of 
cumolative  distributions.  Figure  12  shows,  replotted  in  this  way,  the  data  already  shown  in  Figure 
4  and  Figure  11. 

With  data  in  this  form  the  next  step  is  to  try  to  describe  it.  Equation  (1)  for  the  random  case: 
pu  -  1  -  (l-ps)“ 
can  be  written  as: 
pa  •  1  - 

This  equation  suggests  that  we  should  be  able  to  fit  exponential  equations  to  the  cumulative 
curves.  If  our  emulative  distributions  are  plotted  on  semi-log  graph  paper,  and  if  equation  (14) 
describes  them  adequately,  we  would  expect  to  obtain  straight  lines.  Figure  13  shows  the 
distributions  in  Figure  12  plotted  in  this  way.  This  fit  seems  fair,  but  we  hope  to  be  able  to 
estimate  the  degree  to  which  the  data  is  fitted  by  exponential  aquations  using  computer  techniques. 

More  work  is  required  in  this  area. 

6. 6  loth  aquations (1)  and  (14),  on  which  much  of  search  theory  is  based,  suggest  that  the  cumulative 
curves  should  pass  through  the  origin  of  the  graphs,  or,  at  least,  have  a  canon  origin,  whether  they 
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are  plotted  on  ordinary  or  semi-log  graph  paper.  However,  aa  can  be  seen  from  Figures  12  and  13, 
they  neither  go  through  the  origin  of  the  graphs  nor  have  a  common  origin.  In  an  experiment  to  try 
to  force  subjects  to  go  as  fast  as  possible  an  incentive  payment  training  was  used.  It  can  be  seen  from 
Figure  14  that  a  vast  improvement  in  overall  performance  was  obtained,  and  that,  for  some  targets, 
the  target  could  be  found  so  quickly  that  the  task  could  not  strictly  be  called  'search'.  However 
the  origins  of  targets  requiring  search  remain  different.  Search  theories  must  account  for  this. 
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Fig. 6  Taylor's  (1961)  off-axis  contrast  threshold  data  replotted  to  show 
relationship  between  ‘a'  and  * 6 '  for  three  contrast  values 
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a  plain  background  -  assuming  a„  =  5  min.  of  arc 


Fig.8  The  relation ahip  between  V  and  - - -7,  for  two  valuea  of  o  ,  for  aearch  in  a  plain  backgrotmd:  data 
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SUMMARY 

Previous  studies  have  shown  that  shape  association  value  (percentage  of 
subjects  making  an  association  to  a  shape)  is  a  strong  determining  factor  in  shape 
recognition.  In  this  study,  the  physical  characteristics  of  shapes  of  high  and 
low  association  value  were  compared.  The  intent  was  to  uncover  general  physical 
characteristics  of  shape  which  differentiate  shapes  of  high  association  value  from 
shapes  of  low  association  value,  and,  thus,  shapes  accurately  recognized  from 
those  not  so  accurately  recognized.  Comparisons  were  made  on  the  basis  of  12 
factor  scores  per  shape  derived  from  an  extensive  analysis  of  22  physical  measures 
of  shape.  Results  were  that  none  of  the  factors  differentiated  between  the  two 
classes  of  shapes.  Conclusions  were  that  the  physical  measures  may  have  been 
insensitive  to  perceptually  conspicuous  features  in  the  perimeters  of  the  shapes, 
and  that  associations  to  a  shape  are  probably  too  varied  in  content  to  expect  a 
few  general  physical  measures  to  underlie  those  varied  associations. 
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REGENT  STUDIES  have  shown  that  an  observer's  ability  to  make  an  association  to  a 
shape  is  a  strong  determining  factor  in  shape  recognition.  For  example,  in  a 
study  that  I  published  a  few  years  ago  (Clark,  1965),  groups  of  subjects  observed 
10  simple  or  10  complex  shapes  of  high  or  low  association  value,  and  later 
attempted  to  recognize  them  in  a  forced-choice  recognition  test.  Figures  1  and  2 
show  the  shapes  used  in  that  study.  All  these  shapes  were  selected  from  a  set  of 
180  uncurved  shapes  constructed  by  Vanderplas  &  Garvin  (1959),  who  used  Attneave  & 
Araoult's  (1956)  Method  1  for  generating  random  shapes. 

You  will  note  that  in  each  figure,  the  shapes  are  classified  as  being  of  high, 
medium,  or  low  association  value.  This  measure  is  defined  (Vanderplas  &  Garvin, 
1959)  as  the  percentage  of  50  Ss  able  to  make  an  association  to  a  shape.  The 
mean  Vanderplas  &  Garvin  association  values  and  standard  deviations  for  the  10 
shapes  in  each  of  the  three  associative  categories  are  shown  directly  to  the  right 
of  the  word  "high,"  "medium,"  or  "low"  in  the  figures.  The  number  to  the  left  of 
each  row  of  5  shapes  specifies  the  number  of  points  plotted  in  constructing  that 
shape.  It  denotes  the  level  of  shape  complexity  (Attneave,  19575 •  In  Figure  1, 
the  shapes  were  constructed  using  Ij.  or  6  points  and  they  are  called  s imple  shapes. 

In  Figure  2,  the  shapes  were  constructed  using  16  or  21*  points  and  they  are  called 
complex  shapes.  The  number  of  points  plotted  usually  equals  the  number  of  sides 
in  the  perimeter  of  the  shape.  The  number  directly  under  each  shape  is  its 
Vanderplas  &  Garvin  identification  number. 

In  the  recognition  study  referred  to,  the  subject's  first  task  was  to  view  the 
10  simple  or  the  10  complex  shapes  of  high  or  low  association  value  shown  in  the 
figures.  Shapes  were  presented  one  at  a  time  on  a  white  projection  screen,  each 
for  0.5  sec,  with  a  3.5  sec  interval  between  shapes.  After  a  brief  delay,  they 
attempted  to  recognize  these  10  shapes  in  a  forced-choice  recognition  test.  There 
were  10  recognition  trials.  On  each  trial,  the  Ss  saw  two  shapes,  one  at  a  time, 
each  for  0.5  sec  with  a  3-5  sec  interval  between  members  of  a  pair.  One  member  of 
the  pair  was  a  previously  observed  shape  and  the  other  member  was  a  distractor 
shape  of  the  same  complexity  level.  Distractor  shapes  were  selected  from  the 
shapes  of  medium  association  value  shown  in  Figure  1  and  2.  The  subjects'  task 
was  to  write  the  number  "1"  or  "2"  designating  whether  the  first  or  second  shape 
seen  was  a  previously  observed  shape.  This  was  done  during  a  7.5  sec  interval 
between  trials.  Results  of  this  study  were  that  fewer  errors  of  recognition  were 
made  for  shapes  of  high  association  value  than  for  shapes  of  low  association  value 
and  that  simple  and  complex  shapes  were  recognized  equally  well. 

Other  studies  from  our  laboratory  have  corroborated  these  results  and  have 
extended  their  generallzability.  In  one  study,  memory  load  was  increased  by 
having  Ss  remember  10  simple  and  10  oomplex  shapes  of  both  high  and  low  associa¬ 
tion  value  Instead  of  10  simple  or  10  complex  shapes  of  either  high  or  low  associ- 
tlon  value.  Exposure  duration  was  0.5  sec  as  in  the  earlier  study,  Eut  observed 
shapes  were  paired  with  distractor  shapes  of  the  opposite  complexity  level  instead 
of  the  same  complexity  level  as  before.  Results  were  the  same:  shapes  of  high 
association  value  were  recognized  more  accurately  than  shapes  of  low  association 
value,  and  simple  and  complex  shapes  were  recognized  equally  well.  In  a  replica¬ 
tion  and  extension  of  this  study  (Clark,  1968),  the  effects  of  exposure  duration 
were  examined.  One  group  viewed  each  shape  for  0.50  sec,  and  another  group  viewed 
each  shape  for  0.25  sec.  The  effects  of  association  value  and  complexity  were 
still  the  same;  the  effects  of  exposure  duration  were  insignificant. 

Ellis,  Muller,  &  Tosti  (1966)  have  also  established  that  association  value  has 
an  incremental  effect  on  shape  recognition.  They  point  out  that  perceptual 
performance  depends  upon  the  meanlngfulnesc  of  the  stimuli  only  to  the  degree  that 
such  stimuli  readily  elicit  a  single  association,  and  that  additional  associations 
do  not  contribute  to  further  gain  in  perceptual  performance.  In  addition,  Ellis  & 
Homan  (1968)  have  shown  that  experimenter-supplied  verbal  labels  enhance  recogni¬ 
tion  performance. 

All  of  these  studies  demonstrate  that  an  observer's  ability  to  make  an  associ¬ 
ation  to  a  shape  is  a  strong  determining  factor  in  shape  recognition.  In  the 
present  study  I  continued  my  Investigation  of  association  value  by  comparing  the 
physical  characteristics  of  shapes  of  high  and  low  association  value.  The  intent 
was  to  determine  if  there  are  general  physloal  characteristics  of  shape  which 
differentiate  shapes  of  high  association  value  from  shapes  of  low  association  value, 
and,  thus,  shapes  accurately  recognized  from  those  not  so  aoourately  recognized. 

METHOD 

SHAPES  COMPARED.  The  shapes  compared  were  the  ones  you  saw  in  Figures  1  and 
2.  The  oomplex  shapes  of  high  association  value  were  oompared  with  the  oomplex 
shapes  of  low  association  value,  and  the  simple  shapes  of  high  association  value 
were  oompared  with  the  simple  shapes  of  low  association  value. 
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SEUSCTION  AND  CALCULATION  C?  THE  PHYSICAL  MEASURES.  Comparisons  were  made 
on  the  basis  of  12  factor  scores  per  shape.  These  scores  were  obtained  from  a 
factor  analysis  of  12  physical  measures  of  shape  derived  from  22  other  physical 
measures.  The  details  of  the  procedures  used  in  calculating  all  of  these  measures 
are  described  in  a  report  by  Knoll  &  Clark  (1968);  therefore,  I  will  only  summarize 
the  measurement  procedures  now. 

The  first  step  was  to  select  22  physical  measures,  most  of  which  have  been 
used  in  the  past  (Attneave,  1957;  Amoult,  I960;  Vanderplas  et  al,  1965;  Zusne, 

1965;  Stenson,  1966;  Stilson,  1966;  Brown  &  Owen,  1967).  All  these  measures  are 
described  in  the  appendix  of  this  report.  Next,  each  of  the  22  measures  was  taken 
on  four  sets  of  30  shapes  each.  These  were  sets  of  I4.,  6,  16,  and  2I4.  sided  shapes, 
respectively,  and  are  the  Vanderplas  &  Garvin  (1959)  sets  from  which  the  shapes  in 
Figures  1  and  2  were  selected.  The  complete  sets  were  measured,  instead  of  just 
the  shapes  in  Figures  1  and  2,  to  provide  a  more  representative  sample  for  study. 

The  technique  employed  in  measuring  the  shapes  was  as  follows:  Each  shape  was 
enlarged  photographically  and  the  coordinates  of  the  vertices  were  determined  by 
overlaying  the  photographs  with  graph  paper.  These  coordinates  were  then  punched 
on  IBM  cards.  Finally,  the  physical  measurements  were  calculated  using  a  computer 
program  written  by  Knoll  *  Stenson  (1968).  This  program  can  be  used  to  generate 
and/or  analyze  random  shapes. 

Based  on  examination  of  the  correlations  and  factor  structure  of  the  22 
measures,  a  reduced  set  of  12  measures  for  the  120  shapes  was  derived.  These 
measures  appeared  to  adequately  describe  the  shapes,  and  they  were  nearly 
orthogonal  to  each  other. 

The  last  step  was  to  factor  analyze  these  12  measures  and  then  calculate 
factor  scores  for  each  of  the  120  shapes.  Results  of  a  principal-axes  factor 
analysis  on  the  12  measures  are  shown  in  Table  1.  Twelve  factors,  A  through  L, 
were  rotated.  Only  loadings  greater  than  .30  are  included  in  the  Table,  and  each 
loading  is  rounded  to  two  figures.  The  decimal  point  is  omitted. 

Mathematical  symbols  for  the  12  physical  measures  are  shown  in  Uie  xar  left 
column  of  Table  1.  You  will  note  that  each  factor  in  Table  1  can  b,  adfquately 
described  in  terms  of  the  physical  measure  having  the  highest  loading  on  that 
factor.  The  12  sets  of  factor  scores,  rather  than  the  12  physical  measures,  were 
used  to  compare  the  groups  of  shapes,  because  the  factor  scores  are  more  nearly 
orthogonal  to  each  other  even  for  a  subgroup,  than  the  physical  measures,  and, 
thus,  permit  a  clearer  Interpretation  of  the  sources  of  variation. 

Definitions  of  the  12  physical  measures,  and  thus  the  12  factors,  are  as 
follows : 

1.  Area.  The  area  of  the  form.  (A) 

2.  Compactness.  The  length  of  the  perimeter  divided  by  the  square  root  of 
the  area.  (p/A  1/2) 

3.  Orientation.  The  length  from  the  positive  x-axis  to  the  positive  first 
principal-axis,  measured  counterclockwise  along  a  unit  circle,  (with  its  center  at 
the  center  of  gravity  of  the  form),  divided  by  the  circumference  of  the  unit  circle. 
(D/2») 

4.  Adjusted  Straight  Length  Variance.  The  variance  of  the  distribution  of 
straight  lengths  in  the  perimeter  ol  the  shape  divided  by  the  area.  (V8/A). 

This  SMaaure  reflects  the  diversity  in  the  lengths  of  straight  segments  in  the 
perimeter  of  the  shape.  The  reasons  for  dividing  this  measure  and  other  adjusted 
measures  by  the  area,  or  powers  of  moments,  was  to  render  the  measures  more 
Independent  of  each  other  and  independent  of  the  size  of  the  shape. 

5.  Adjusted  Straight  Length  Skewness.  The  skewness  of  the  distribution  of 
the  straight  lengths  divided  by  the  square  root  of  the  varianoe  of  the  distribution 
of  straight  lengths  raised  to  the  third  power,  j  s  ^  3/2 j 

6.  Adjusted  Straight  Length  Kurtosis.  The  kurtosls  of  the  distribution  of 
straight  lengths  divided  by  the  square  of  the  varianoe  of  the  distribution  of  the 
straight  lengths.  (K/Vg2) 


7.  Adjusted  Skewness  of  Internal  Angles.  The  skewness  of  the  distribution 
of  the  internal  angles  divided  by  the  square  root  of  the  variance  of  the  distribu¬ 
tion  of  the  internal  angles  raised  to  the  third  power.  3/2. 
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8.  Adjusted  Kurtosis  of  Internal  Angles.  The  kurtosis  of  the  distribution  of 
Internal  angles  divided,by  the  square  of  the  variance  of  the  distribution  of 
internal  angles.  (K  /V  ) 

S  g 

9.  Elongation.  The  area  variance  along  the  second  principal-axis  divided  by 
the  area  variance  along  the  first  principal-axis,  (p q^/  Hgn) .  As  a  form 
approaches  a  straight  line,  this  measure  approaches  zero.  As  the  form  approximates  a 
circle,  it  approaches  1. 


10.  First  Principal-Axis  Symmetry.  The  area  skewness  along  the  first  principal- 
axis  divided  by  the  square  root  of  the  third  power  of  the  area  variance  along  the 
first  principal-axis,  •  A  form  with  a  teardrop  shape  has  a  high  value 

on  this  measure  while  an  ellipse  has  a  zero  value. 


11.  Second  Principal-Axis  Symmetry.  The  area  skewness  along  the  second  princi¬ 

pal-axis  divided  by  the  square  root  of  the  third  power  of  the  area  variance  along 
the  second  principal-axis.  ' 

12.  Two-Way  Symmetry.  The  area  skewness  along  the  second  principal-axis 
divided  by  the  area  skewness  along  the  first  principal-axis, 

A  clearer  understanding  of  these  measures  can  be  obtained  by  reading  the  descrip¬ 
tion  of  the  22  physical  measures  described  in  the  appendix,  and  by  comparing  shapes 
with  high  and  low  values  on  the  measures  in  both  the  12  and  22  measure  sets. 

STATISTICAL  ANALYSIS.  Ten  complex  shapes  of  high  association  value  were  compared 
with  10  complex  shapes  of  low  association  value,  and  10  simple  shapes  of  high  asso¬ 
ciation  value  were  compared  with  10  simple  shapes  of  low  association  value.  Com¬ 
parisons  were  made  using  the  Mann-Whitney  0  Test.  It  was  used  because  the  sample 
sizes  were  small,  and  because  the  test  is  theoretically  insensitive  to  the  distri¬ 
bution  of  scores  in  the  population. 

To  supplement  the  U  Test  analysis,  a  correlational  analysis  was  also  performed. 
All  four  sets  of  the  Vanderplas  &  Garvin  shapes,  from  which  the  shapes  in  Figures 
1  and  2  were  selected,  were  included  in  this  analysis.  Within  each  set  of  30 
shapes,  each  of  the  12  sets  of  factor  scores  was  correlated  with  association  value. 
Thus,  within  each  set,  12  correlations  were  calculated,  and  each  correlation  was 
based  on  30  pairs  of  measures. 

RESULTS  AND  DISCUSSION 

None  of  the  2k  U  Tests  was  statistically  significant.  The  12  factors  did  not 
differentiate  between  shapes  of  high  and  low  association  value  for  either  simple 
or  complex  shapes.  Results  of  the  correlational  analysis  were  similar.  None  of 
the  correlations  was  sufficiently  high  to  suggest  a  reliable  relationship  between 
any  single  factor,  or  any  group  of  factors,  and  association  value.  The  correla¬ 
tions  are  shown  in  Table  2.  The  percent  of  variance  in  association  value  explained 
by  the  12  factors  is  30#.  This  was  determined  by  correlating  the  association 
values  for  the  120  shapes  with  the  corresponding  sets  of  factor  scores  for  the 
120  shapes  and  then  squaring  and  summing  these  12  correlations  to  obtain  the 
percent  variance  explained.  This  procedure  was  possible  because  the  factor  scores 
between  factors  for  the  entire  set  of  120  shapes  are  orthogonal  to  each  other. 

The  failure  to  obtain  a  significant  relationship  between  association  value 
and  our  carefully  derived  physical  measures  of  shape  may  be  interpreted  in  various 
ways.  From  one  point  of  view  it  may  be  concluded  that  the  physical  measures 
selected  for  study  were  inappropriate,  and  that  the  possibility  remains  of 
eventually  finding  physical  characteristics  which  underlie  association  value  as 
defined  in  this  study.  For  example,  it  is  possible  that  subjects  make  a  majority 
of  associations  to  perceptually  conspicuous  portions  of  the  perimeter  of  the  shape 
rather  than  to  general  characteristics  of  the  whole  shape.  If  so,  our  measures 
were  Inappropriate.  None  gave  particular  emphasis  to  salient  characteristics 
of  the  perimeter.  Relevant  to  this  point  of  view  are  results  by  Zusne  (1965). 

Be  has  pointed  out  that  the  physical  measures  he  has  used  in  discrimination 
studies  have  not  given  sufficient  weight  to  the  perceptually  conspicuous  portions 
of  the  perimeter.  Therefore,  he  recommends  weighting  these  parts  of  the  perimeter 
more  than  its  other  parts.  The  problem  with  this  approach  is  determining  whloh 
parts  of  the  perimeter  should  be  classified  as  "salient." 

From  another  point  of  view,  it  may  be  suggested  that  association  value,  as 
defined  in  this  study,  should  not  necessarily  correlate  with  any  general,  or 
speqifio,  physioal  characteristics  of  shape.  The  thesis  of  this  point  of  view  is 
that  aasoolations  are  too  varied  in  content  to  expeot  a  few  physioal  measures  to 
underlie  all  of  them.  Data  that  I  have  collected  indicate  that  associations  to 
shapes  are,  indeed,  often  varied.  Ten  people  may  give  10  different  associations 
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to  the  sane  shape.  Perhaps  it  unlikely  that  only  a  few  measures  of  shape 
underlie  all  these  associations.  Possibly,  a  different  measure  of  association 
value,  which  accounts  for  the  variety  among  associative  responses,  would  be  more 
likely  to  correlate  with  physical  measures  of  shape.  A  major  problem  in  deriving 
this  new  measure  of  association  value,  however  —  which,  by  the  way,  we  would  want 
to  correlate  with  recognition  accuracy  —  is  determining  which  associative 
responses  should  be  classified  as  "different"  from  each  other. 

Clearly,  additional  researoh  is  required  if  we  are  to  find  all  the  variables 
underlying  the  recognition  of  random  shapes.  The  research  task  becomes  even 
greater  when  we  attempt  to  specify  the  variables  underlying  the  recognition  of 
targets  from  aircraft  and  spacecraft.  We  are  a  long  way  from  that  goal.  Never¬ 
theless,  this  is  the  goal,  and  many  investigators  are  working  toward  it. 
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Simple  Structure  Factor  Matrix 
for  the  12  Physical  Measures 


A 

B 

c 

D 

E 

F 

G 

H 

B 

B 

B 

1.  Area 

2.  P/A 1/2 

-34 

95 

— 

35 

82 

3.  Orientation 

99 

4-  v3/a 

5-  Ss/Vs3/2 

-93 

-94 

6*  VVs2 

7.  Sg/Vg3/2 

-93 

-91 

-31 

8-  Vvg 2 

9-  "  02^20 

10.  M30/M203/2 

11  M  /M  3/2 

11 *  03X  02 

12.  MQ3/M30 

-93 

-40 

98 

-98 

98 

TABLE  2 
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Correlations  Between  Association  \falue 


and  Factor  Scores 

for  4,  6, 

16  &  24  Point 

Shapes 
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Figure  1.  Simple  Shapes  of  High,  Medium,  Figure  2.  Complex  Shapes  of  High,  Medium, 

and  Low  Association  Value  and  Low  Association  Value 
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APPENDIX 

Unless  otherwise  noted,  these  measures  are  defined  In  terms  of  the  grid  units  used 
In  the  construction  of  the  stimuli. 

1.  Turns.  The  number  of  turns  in  the  contour  of  the  shape.  The  number  of 
points  plotted  to  construct  a  shape  determines  the  number  of  sides  in  the  perimeter 
of  the  shape;  these  are  usually  equal.  (T) 

2.  Convex  Turns.  The  number  of  turns  at  which  the  angle  (measured  interior 
to  the  form)  is  less  than  it  radians.  (Tq) 

3.  Perimeter.  The  length  of  the  perimeter.  (P) 

4.  Area.  The  area  of  the  shape.  (A) 

5.  Orientation  Angle.  The  angle  (in  radians)  formed  by  the  positive  x-axis 

of  the  construction  grid  and  the  positive  first  principal-axis  of  the  form.  The 
first  principal-axis  of  a. form  is  defined  as  that  axis  along  which  the  form  has 
maximum  variance  of  area.  The  second  principal-axis  is  defined  as  that  axis 
perpendicular  to  the  first  principal-axis  such  that  the  pair  of  axes  form  a 
righthanded  coordinate  system.  The  positive  direction  of  the  first  principal-axis 
was  defined  by  requiring  that  the  skewness  of  the  area  along  the  first  principal- 
axis  be  greater  than  or  equal  to  zero.  The  first  product  moment  of  area  for  the 
principal-axes  coordinate  system  is  always  equal  to  zero.  The  angle  is  measured 
counterclockwise  from  the  x-axis  to  the  first  principal-axis  and  the  range  of  the 
measure  is  0  radians  to  2i  radians.  For  a  detailed  discussion  of  the  calculation 
of  area  moments,  see  Knoll  &  Stenson,  (1968).  (D) 

6.  Mean  Straight  Length.  The  mean  of  the  distribution  of  the  lengths  of  the 
straight  segments  in  the  perimeter.  (Ma) 

7.  Variance  of  the  Straight  Lengths.  The  second  moment  of  the  distribution 
(about  the  mean  straight  length)  of  the  lengths  of  the  straight  segments  in  the 
perimeter.  (Vg) 

8.  Skewness  of  the  Straight  Lengths.  The  third  moment  of  the  distribution 
(about  the  mean  straight  length)  of  the  lengths  of  the  straight  segments  in  the 

perimeter.  (S  ) 
s 

9.  Kurtosis  of  the  Straight  Lengths.  The  fourth  moment  of  the  distribution 
(about  the  mean  straight  length)  of  the  lengths  of  the  straight  segments  in  the 
perimeter.  (Kg) 

10.  Fifth  Moment  of  the  Straight  Lengths.  Ihe  fifth  moment  of  the  distribution 
(about  the  mean  straight  length)  of  the  lengths  of  the  straight  segments  in  the 
perimenter.  (Hg) 

11.  Variance  of  the  Internal  Angles.  The  second  moment  of  the  distribution 
(about  the  mean  Internal  angle)  of  the  magnitudes  (in  radians)  of  the  internal 
angles  formed  by  the  perimeter.  (Vg) 

12.  Skewness  of  the  Internal  Angles.  The  third  moment  of  the  distribution 
(about  the  mean  Internal  angle)  of  the  magnitudes  (in  radians)  of  the  Internal 
angles  formed  by  the  perimeter.  (Sg) 

13.  Kurtosis  of  the  Internal  Angles.  The  fourth  moment  of  the  distribution 
(about  the  mean  internal  angle)  of  the  magnitudes  (in  radians)  of  the  internal 
angles  formed  by  the  perimeter.  (Kg) 

14.  Fifth  Moment  of  the  Internal  Angles.  The  fifth  moment  of  the  distribution 
(about  the  mean  internal  angle)  of  the  magnitudes  (in  radians)  of  the  internal 
angles  formed  by  the  perimeter.  (H^) 

15.  Area  Variance,  First  Principal-Axis.  The  second  moment  of  the  area  of 
the  form  along  the  first  principal-axis.  (^2q) 


1 

A  form  is  considered  as  a  bivariate  density  function  of  unit  height  interior 
to  and  at  the  perimeter  of  the  form.  Moments  of  the  bivariate  density  function 
are  then  considered  moments  of  tbs  area  of  the  form. 


16.  Area  Skewness,  First  Principal-Axis .  The  third  moment  of  the  area  of 
the  form  along  the  first  principal-axis.  (#*39) 

17.  Area  Kurtosis,  First  Principal-Axis.  The  fourth  moment  of  the  area  of 
the  form  along  the  first  principal-axis. 

19.  Fifth  Area  Moment,  First  Principal-Axis.  The  fifth  moment  of  the  area 
of  the  form  along  the  first  principal-axis.  (m^q) 

19.  Area  Variance,  Second  Principal-Axis.  The  second  moment  of  the  area 
of  the  form  along  the  second  principal-axis.  (Mqj) 

20.  Area  Skewness,  Second  Principal-Axis.  The  third  moment  of  the  area  of 
the  form  along  the  second  principal-axis. 

21.  Area  Kurtosis,  Second  Principal-Axis.  The  fourth  moment  of  area  of 
the  form  along  the  second  principal-axis. 

22.  Fifth  Area  Moment,  Second  Principal-Axis.  The  fifth  moment  of  the  area 
of  the  form  along  the  second  principal-axis.  (Mgj) 
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The  present  rasaaroh  was  oooduotad  on  eleven  normal,  emmetropic  subjects,  known  to  ba  reliable. 
Whilst  fixing  tha  oantar  of  a  p aria star  with  one  eya  they  had  to  try  to  Identify  simple 
illuainated  images  ,  or  at  least  to  indicate  tha  appearanoe  of  light.  These  simple  images  were 
located  at  8°,  24°,  40°,  58°  and  72°  from  tha  o enter,  both  on  the  right  and  left  sides  and  were 
illuminated  for  a  brief  time  either  In  regular  succession  or  random  order. 

The  subjeote,  submitted  to  gravitational  fields  of  al&s,  a  I.8S1  and  a  2.46s,  did  not  show 
any  appreciable  change  in  their  undefined  perception  power,  or  in  their  identification  power  of 
eoctra-foweal  images,  presented  both  in  regular  and  random  successions,  as  a  consequence  of 
different  field  intensity.  The  perception  area  of  an  undefined  luminous  message  was  distributed 
according  to  the  well  known  shape  of  the  monocular  visual  field.  On  the  other  hand,  the  area 
within  which  simple  black  and  white  images  were  identified  mas  almost  oiroular  in  shape  and 
covered  a  surface  which  had  a  radius  of  about  20°  centered  cm  the  fixation  point. 

The  method  used  demonstrated  only  a  slight  difference  between  the  results  obtained  when 
the  images  in  the  visual  field  sere  presented  in  s  regular  or  random  sequence. 
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ffcysiologioal  problems  related  to  the  perception  of  « ingle  images,  or  theories  of  images,  ere 
in  these el tbs  very  oomplsx.  Furthermore,  siaoe  the  fifties,  they  have  beooae  more  and  sore  oos- 
plioated  due  to  the  influenos  of  non  ocular  faetors  on  visual  phenomena.  These  footers,  which 
have  been  ascertained  froa  expo  risen tel  evidence,  are  related  to  different  sense  organs  and  efferent 
impulses  froa  the  brain*  During  these  saae  years,  unusual  or  even  completely  new  snvironasntal 
conditions  In  aerospace  flight  have,  in  soae  instances,  helped  to  olarify  our  ideas;  sore 
frequently,  however,  they  have  given  rise  to  further  difficulties. 

It  is  well  known  that  an  aspeot  of  the  problsa  which  has  been  nost  frequently  investigated 
reoently  is  the  interaction  between  labyrinthine  and  other  propriooeptive  functions  and  vision.  The 
practical  importance  of  this,  both  in  aerobatics  and  a  cold ant  prevention,  is  so  great  as  to  deserve 
evety  effort  to  further  our  knowledge  in  this  field.  In  particular,  it  is  our  opinion  that  the 
problsa  related  to  the  power  of  reoeption  and  identification  of  inages  that  fall  os  the  retina  at 
various  distances  froa  the  fovea,  has  not  received  sufficient  attention.  It  is  well  known  that 
these  iaages  represent  a  acre  or  less  dear  signal,  toward  which  the  eye  then  turns,  to  carry  out 
an  analytical  exswl nation. 

Although  well  aware  of  the  difficulties  involved  in  this  kind  of  psycho-physiological  investiga¬ 
tion,  we  scheduled  a  series  of  experiments  concerning  perception  and  identification.  In  the 
preliminary  phase,  simple  graphic  symbols  ware  to  be  used  and  at  a  mors  advanoed  stage,  numerals 
and  dials,  whose  laagea  would  fall  on  different  parts  of  the  retina.  The  subjeots  were  to  be 
exposed  to  +l£s,  +lGy,  positive  C  higher  than  normal  gravity  and  if  possible,  to  weightlessness  in 
parabolic  flight.  Our  aims  arei  detection  of  the  actual  existence  of  "preferential  directions" 
la  perception,  or  functional  prevalence  of  oertain  quadrants  of  the  visual  field,  particularly  in 
relation  to  the  direction  and  intensity  of  the  gravitational  vector.  Our  programme  foresees  the 
determination  of  the  limitations  of  imago  identification  as  a  function  of  exposure  time;  Interval 
between  two  successive  stimuli;  location  of  images  in  a  monocular  visual  field  and  spatial 
suooession  of  Images,  etc. 

In  this  paper,  the  term  "perception"  is  used  in  the  conventional  nay  to  mean  tha  reoeption  of 
visual  messages  without  a  definite  identification  of  the  characters  of  those  aessagas,  whereas, 
"identification"  indicates  a  dear  recognition  of  these  o bars ot era. 

This  first  paper  reports  the  results  of  a  part  of  our  programme  and  is  limited  to  the  pre¬ 
liminary  experiments  oarried  out  so  far,  concerning  different  values  at  positive  G. 

KXmfflQQFTAL  KIHOO 

experiments  were  ooaduoted  on  11  healthy  oametropio  subjeots,  aged  21  to  45,  (with  tha  sola 
exception  of  one  subject,  effected  by  ay op  1st  3  diopters  in  both  ayes).  Bearing  in  mind  tha 
characteristics  of  our  research,  we  selected  our  subjeots  from  personnel  in  our  laboratory,  who  war# 
either  experienced  la  human  centrifuge  experiments  or  in  flight  sad  widowed  with  satisfactory 
observation  and  orltloal  powers.  Direotlons  relating  to  the  required  tasks  wars  administered  on  a 
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standardised  tul«  before  eaoh  experiment  and  absolute  sincerity  waa  reoonaended.  The  complete 
reliability  of  our  subjects  eas  ascertained  In  preliminary  tests. 

Our  aspwlnantsl  apparatus  oansistad  of  a  Vosratar'a  perimeter  designed  for  the  study  of  the 
visual  field,  on  which  tan  0.20  watt  neon  laaps  bad  bean  fixed  at  regular  Intervals.  Xaoh  lamp 
aaa  enclosed  In  an  opaque  tube  (Inner  disaster  30  an),  open  only  toward  the  center  of  the  perlaeter 
(fig  1).  Pive  leaps  were  located  on  each  side  of  the  perlaeter  naaely,  five  on  the  taaporal  and 
five  an  the  nasal  side.  The  respective  angular  distances  frees  the  fixation  oeoter,  on  both  sides, 
ware  8°,  24°,  40°,  56°  aad  72°.  The  fixation  o enter  was  marked  by  an  alaost  pinhole  luminous 
reddish  spot  obtained  by  means  of  a  saall  lamp  whioh  was  fixed  in  the  very  center  of  the  graduated 
semi -air ole  of  the  perlaeter.  Ve  did  not  place  leaps  at  the  farthest  periphery  of  the  visual 
field,  slaoe  cur  preliminary  tests  had  shown  that  their  presence  would  hardly  have  been  detected  In 
our  experimental  conditions. 

Saall,  transparent  plexiglass  discs  were  superimposed  on  the  openings  of  the  tubular  laap  con¬ 
tainers.  Black  silhouettes  of  the  graphical  or  gaoaatrioal  symbols  -  employed  st  eaoh  time  -  were 
applied  on  these  discs  (fig  2).  The  hrlllianoe  of  the  background  of  eaoh  spot  against  ehioh  the 
black  images  stood  out,  was  about  0.13  lux,  at  the  distance  from  whioh  they  were  seen  by  the  eubjeot. 
The  lamps,  being  without  filament,  bad  no  latency.  Lighting  was  o  on  trolled  by  a  rotating  a wit oh, 
operated  by  a  synchronous  motor,  connected  to  a  precision  rotation  speed  reducer  (produced  by  the 
fin  Jaquet).  A  speoial  ' variec 1  was  included  In  the  instrument,  so  that  lighting  periods  were 
regulated  to  0.60  see,  and  tha  interval  between  two  suooessive  lightings  to  0.52  sao. 

The  values  relating  to  the  nuober  of  images,  duration  at  stimuli  and  intervals,  were  adopted  on 
an  empirical  basis  for  this  preliminary  stage  of  our  research.  This  notwithstanding,  wa  took  into 
aooount  Maokworth's  investigations  (1963)  on  immediate  recall  power  of  single  images,  and  Bryden's 
researches  (1968)  on  taohistosoopic  presentation  of  shapes,  numerals  and  letters.  Tha  suooession 
of  lightings  oould  be  reversed  or  o hanged  at  will,  in  order  to  make  it  irregular  (for  instance: 

1*^-3 . 10,  or  10-9-8 . 2-1,  or  a Isa  8-6-4-10-5-9-7-3-2-1).  In  the  oaas  of  regular  theories 

of  images,  both  in  clockwise  and  anti-olookwiae  sense,  image  number  1  was  the  moat  peripheral,  and 
number  5  the  moat  central  in  the  left  half  of  the  visual  field;  while  numbers  6  and  10  respectively 
indicated  the  moat  central  and  the  moat  peripheral  image  on  the  right  aide.  With  regard  to  the 
angle  of  the  graduated  half-oircle  in  respect  to  the  horlsontal  line,  the  following  4  meridians  were 
examined:  horlsontal  (both  in  olookwlsa  and  anti-olookwiae  sense),  inclined  at  45°  (in  both  senses), 

vertical  (in  both  senses)  and  inolined  at  135°  (still  in  both  senses). 

Our  attempts  to  reoord  small  unintentional  ays  movements  during  the  experiments,  using  an 
eleotronystagaogrephlo  technique,  had  afforded  auoh  poor  results  that  ws  decided  to  give  up  this 
Mud  of  oontrol.  It  was  replaoed,  at  +l£s,  by  constant  and  direct  observation.  Those  subjects 
who  ware  unable  to  keep  their  eyas  praotloally  still  for  the  whole  duration  of  an  experiment  wars 
rejected.  It  has  bean  planned  to  use  infrared  light  oinenatographio  recordings  for  tha  objective 
oontrol  of  eye  stillness.  The  subjects  had  no  previous  knowledge  either  about  the  order  in  whioh 
the  lights  would  be  illuminated  or  the  location  of  the  10  images,  in  any  of  the  various  experiments. 

All  experiments  were  oarried  out  inside  the  gondola  of  our  human  centrifuge:  in  this  way,  tha 
influence  of  different  environments  was  prevented,  slnoa  the  experimental  o auditions  wars  fairly 
uniform.  Tha  pariastar,  with  its  ohinrest,  had  bean  suitably  fixed  within  the  gondola  whioh  was 
illuminated  by  moderate  aad  diffusa  daylight. 

By  nun*  of  a  microphone  installed  at  the  subject's  side,  he  was  sble  to  report  to  the  investi¬ 
gator  tha  result  of  each  lamp  illumination,  using  a  conventional  verbal  code.  The  subject  was 
required  to  report  whether  he  had  only  seen  a  light;  an  undetermined  shape;  or  whether  he  had 
been  able  to  Identify  the  imagine  positively.  A  tape-reoarder  sms  used  to  atore  this  information. 

Tha  aooeleraticn  levels  used  were:  *10 1,  *1.80,  *2.4Se,  with  an  average  exposure  time  of 
about  6  min  In  aaeh  o  audit  ion.  Wo  deemed  it  advisable  not  to  surpass  the  latter  value.  In  order  to 
avoid  untoward  retinal  or  cerebral  circulatory  oonsaquanoea  of  positive  C;  and  to  to  allow  the 
sub jects  to  perform  with  their  normal  vigils not  and  visual  aouity.  It  is  our  intention  to  test  the 
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effeots  of  higher  positive  ft,  as  veil  as  transTerss  ft.  In  order  to  similate  sore  olosely  the 
oondltlons  moountered  in  aerobe tlos. 

unronnami  results  ms  ccbsubbatiohs 

The  aspnrinental  results  are  reported  In  three  tables  and  four  diagrams.  A  faot  which  was  to 
be  expected,  is  oonflrmed  In  table  1,  namely,  the  definite  difference  between  the  oapaoity  of  per- 
oeivlng  a  spot  of  suffloient  duration,  and*  the  oapaoity  of  identifying  a  shape,  even  if 

simple  sad  perfectly  defined.  Table  I  shows  that  in  eaoh  one  of  the  three  aooelorative  oondltlons, 
and  with  a  regular  naso-tewporal  succession  of  stimuli,  6  out  of  a  total  of  10  symbols  were  par¬ 
cel  rad,  while  only  about  half  of  the  eight  symbols  were  identified.  It  seens  that  there  is  a  very 

slight  decrease  in  the  nunber  of  lights  pereeived,  in  relation  to  the  inoreese  of  positive  ft.  Such 


TABLE  1/  Mean  values  of  the  number  of  luminous  messages  perceived  (b)  and  of 
Images  Identified  (1)  by  8  subjects  In  the  whole  right  eye  visual  field 


Direction 

+1  G 

z 

+1.8  G, 

+2.4  G. 

b 

8.5 

8.6 

8.4 

"■  i 

6.6 

4.9 

4.7 

t  b 

8.4 

7.9 

7.7 

1  i 

4.1 

4.0 

3.9 

\  b 

8.6 

8.5 

8.5 

4.4 

4.1 

4.1 

Note:  Arrows  indicate  the  sense  of  successive  lamp  lightings 


a  ohange,  however,  is  very  small,  and  the  nunber  of  subjects  is  too  limited  to  enable  us  to  draw  any 
conclusion.  A  second  test  (with  tsaporo-nasal  suooessicn  of  lamp  lighting)  was  administered  to 
three  subjects,  immediately  after  the  first  one.  Keen  values  for  perception  and  identification 
were  praotioally  unchanged. 

The  subjects  underwent  oculogravio  illusions,  at  the  start,  and  in  particular  during  oentrlfuge 
braking.  In  all  cases  the  duration  of  illusory  phenomena  was  vary  short  and  did  not  have  any 
influence  on  the  experiments. 

Table  II  ( concerning  the  same  eight  aubjeots)  considers  the  four  half -fields  separately,  i.e. 
natal,  temporal,  superior  and  inferior.  As  far  as  light  perception  is  concerned,  the  distribution 
of  values  reproduces  in  a  similar  say  (but  on  a  mors  restricted  area)  the  shape  of  the  white  light 


TABLE  II:  Mean  values  of  the  number  of  luminous  messages  perceived  (b)  and  of 
images  identified  (1)  with  the  right  eye  by  8  subjects  in  the  two  visual  half- 
fields  (left  and  right). 


Direction 


b 

i 


\I 


+1  G_ 


+1.8  G. 


+2.4  G 


L 

3.6 

2.2 

3.4 

2.0 

3.6 

2.0 


4.9 

2.1 

5.0 

2.1 

5.0 

2.4 


3.6 

2.5 

3.1 

2.0 

3.6 

2.1 


5.0 

2.4 

4.7 

2.0 

4.9 

2.0 


3.5 

2.4 

3.1 

2.0 

3.5 

2.0 


4.9 
2.4 

4.6 

1.9 

5.0 

2.1 


Note:  In  vertical  direction  the  right  half  corresponds  to  the  frontal  part 


monocular  visual  field  (fig  3),  with  its  extension  United  on  the  temporal  side  to  the  location  of 
the  most  reaote  la^>  (72°).  On  the  other  hand,  values  referring  to  syabol  identification  oover  an 
alaost  olroular  hut  more  restricted  area,  the  radius  of  which  is  about  20°  all  around  the  center. 

In  this  latter  ossa,  individual  differences  art  acre  evident.  Sons  subjeots,  in  eaoh  experiment, 
were  only  able  to  identify  ana  image  on  the  lwft  and  ana  on  the  right  of  the  fixation  point,  while 


•Ww* 
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other  subjects  eon Id  Identify  two  iHgM  on  tbs  left,  and  two  on  the  right.  In  any  out  th*  aaglo 
w  nor*  optn  than  tha  angle  corresponding  to  the  projection  of  fovea  o  nitre  lie,  whioh  prssunably 
does  not  egaeed  10°  on  tha  ehole.  The  round-shapsd  pare-foveal  area,  within  whioh  inages  are 
Identified,  oorrespond »  to  a  retinal  area.  In  whioh  oone  concentration  is  still  high,  and,  there¬ 
fore,  optical  fibers  are  imswwis. 

It  is  wertharhil*  noting  (table  HI,  fig  3)  that  randoa  p retan tati an  of  stisuli  does  not  seen  to 
provoke  important  ohanges  in  perception  of  luminous  attisget  and  inaga  id on tlfi cation  In  a  gravita¬ 
tional  field  of  el  6s.  In  a  field  of  +2 A  6s,  however,  the  perception  at  luminous  sassages  aeons 
to  he  worse.  Tbs  results  reported  in  table  HI  oonoera  five  different  subjects,  and  give  visual 
field  values  that  are  a  little  nore  restricted  in  regard  to  identification,  if  compared  with  table 
H.  Suoh  identification  always  took  plaoe  for  the  two  eentral  iaagea,  and,  in  sone  oases,  also  for 
tha  too  para-con tral  iaagea,  even  when  they  were  included  respectively  among  the  first  or  the  last, 
la  ths  order  of  lighting.  This  observation  would  suable  us  to  exclude  the  influence  of  anenonio 
or  distracting  factors  during  the  execution  of  the  experiment . 


TABLE 

III: 

Mean  values  of 

the  number  of  luminous  messages  perceived 

(b)  and  of 

images 

i  Identified 

(i)  with  the  right  eye  in  experiments  following  a 

regular 

success  Ion 

( - 

► ) \  and 

in  experiments  following  a 

random  i 

succession 

(1 - 

-1  )  in  the  two 

visual  half-fields 

(left  and  right) 

Direction 

+1  G* 

+1  a 

l 

+2 

.4  G 

z 

L 

R 

L 

R 

L 

R 

b 

3.6 

4.6 

3.6 

4.9 

3.6 

4.9 

'i 

1.6 

1.8 

2.0 

1.8 

1.6 

1.6 

b 

4.1 

4.9 

3.6 

4.9 

3.4 

4.6 

'i 

1.8 

1.6 

1.8 

1.6 

1.8 

1.6 

/ 

b 

3.6 

4.1 

3.4 

4.1 

3.4 

4.1 

/ 

i 

1.4 

2.0 

1.6 

1.8 

1.2 

1.8 

/ 

b 

3.4 

4.1 

2.8 

3.6 

2.8 

3.0 

/ 

i 

1.6 

1.6 

1.6 

1.4 

1.8 

1.4 

f 

b 

3.4 

4.1 

3.6 

4.0 

3.4 

3.8 

1 

i 

1.6 

1.6 

1.6 

1.6 

1.4 

1.2 

T 

b 

3.9 

3.2 

3.0 

2.8 

2.8 

2.8 

1 

i 

1.6 

1.4 

1.6 

1.0 

1.8 

1.2 

Note: 

In  vertical 

direction  the  right  half  corresponds 

to  the  frontal  part 

Mg  k  affords  a  ploture  of  the  features  of  the  identification  field  (upper  part)  and  perception 
field  (lower  pout)  in  a  right  handed  aubjeot,  whoso  right  eye  was  investigated.  Mg  5  reports  the 
aaae  data,  recorded  in  a  left-handed  subjeot,  whose  left  eye  was  examined. 

10  think  fig  6  is  particularly  aignifioant.  It  oonoems  a  subjeot  subaltted  to  stimuli  (both 
in  eloofcwlse  and  anti-clockwiss  ssnse)  in  soeM  experiments  oarried  out  in  lanedists  suooession. 

While  image  identifloetion  is  apparently  uninfluenced  by  the  direction  of  the  noveaect  (in  one  oese 
only  does  it  seen  to  ho  Influenced  by  the  peculiar  features  of  the  symbol),  ths  perception  of 
i«— stimuli  seems  to  bo  effeoted  by  a  "dragging"  of foot,  in  ths  sanae  corresponding  to  ths 
direction  of  the  ouooeesion. 

On  tbs  other  hand,  we  were  not  able  to  observe  an  interesting  phsnomsnon  reported  by  Bryden 
vt  el  (1968),  oonsletiag  of  a  higher  Identifloetion  power  oonoerning  the  images  to  ths  loft  of  the 
fixation  point,  in  tbs  oass  of  simultaneous,  short  lasting,  presentation  of  a  horlsontel  series  of 
iaagea.  It  oaa  reasonably  ho  presunod  that,  alnoo  our  inaga  presentation  was  not  simultaneous, 
these  matin  irsr  whioh  oauss  o  "porooptiv#  proforcaoo"  did  not  ooour.  Sons  subjoots  of  ours 
r sport sd  that  tbay  perceived  imago  number  7  as  If  it  wore  thinner  at  its  o enter,  like  a  sand-glass. 


. i. 
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V*  must  point  out  that  this  Inge  ought  to  re-enter,  at  least  in  pert,  in  the  area  corresponding  to 
the  optioal  papilla. 

SOMURT  AMD  COHCUJSIOH 

Data  obtained  in  this  modest  preliminary  experimental  series  do  not  enable  us  to  draw  any 
generalised  conclusions. 

At  present,  we  aight  only  state  that  nor  as  1,  eme  tropic  subjects  submitted  to  gravitational 
fields  at  +1.0&1,  tl.SCi  and  ■Q.i&t  do  not  show  any  appreciable  ohange  in  their  undefined  perception 
power  axoept  for  a  slight  reduotion  in  a  field  of  42.4&S,  and  in  their  Identification  power  of  extra- 
foweal  images;  presented  both  in  regular  and  randoa  successions,  as  a  consequence  of  different 
field  intensity .  Following  stimulation  of  aoderate  brilliance,  and  with  exposure  times  and  inter- 

Tala  olose  to  half  a  second,  as  in  our  experimental  conditions,  the  perception  area  of  an  undefined 
luminous  message  is  distributed  according  to  the  well  known  shape  of  the  aonooular  visual  field.  On 
the  other  hand,  the  area,  within  the  boundaries  of  which  simple  blaok  and  white  images  are  dearly 
identified.  Is  almost  circular  in  shape,  and  covers  a  surface,  with  a  radius  of  about  20°,  centered 
at  the  fixation  center  itself. 

The  method  used  demonstrated  only  a  slight  difference  between  the  results  obtained  when  the 
Images  in  the  visual  field  were  presented  la  a  regular  or  randoa  sequence. 
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Until  recently  cartography  has  been  considered  to  be  an  art  rather  than  a  science,  and 
for  many  years  to  come  map  making  will  continue  to  rely  heavily  on  human  skill,  patience  and 
accuracy.  Although  many  of  the  procedures  in  map  making  could  probably  be  automated  it  is 
unlikely  that  all  the  practical  problems  which  this  would  entail  can  be  solved  in  the  near 
future.  To  those  who  specialise  in  what  is  called  "Human  Factors"  or  "Ergonomics"  the 
design  of  some  maps  seems  to  violate  certain  basic  principles  for  the  presentation  of  inform¬ 
ation,  by  reducing  the  efficiency  with  which  the  maps  can  be  used.  The  reasons  for  diffic¬ 
ulties  in  using  maps  may  relate  to  several  factors.  These  include: 

a)  the  information  content  of  the  map  reflected  in  the  level  of  detail  which 
it  presents! 

b)  the  ways  in  which  this  information  is  presented,  including  coding,  symbols, 
skill  and  relative  prominence  of  types  of  information; 

c)  the  conditions  under  which  the  map  is  to  be  used,  such  as  a  vibrating 
environment  or  at  night! 

d)  the  use  to  which  the  map  is  put  and  user  opinions  of  its  adequacy. 

Many  of  these  factors  interact  or  should  do  so.  For  example,  the  information  content 
of  the  maps  may  refer  both  to  user  opinion  of  what  information  is  wanted  and  to  task 
descriptions  showing  what  information  is  essential. 

To  make  a  new  map,  especially  if  it  is  to  achieve  world  wide  coverage,  is  a  vast  and 
time  consuming  undertaking  representing  a  very  large  number  of  man  hours  required  for  its 
preparation.  Such  effort  cannot  normally  be  justified  unless  the  completed  map  will  have  a 
fairly  large  printing  which  implies  that  it  may  often  have  to  serve  several  operational 
functions.  In  general,  the  more  detail  the  map  contains,  the  more  it  must  fulfil  many 
different  functions  rather  than  one  only.  Sometimes  a  map  is  intended  to  meet  several 
requirements.  An  example  of  this  is  the  recently  introduced  joint  operations  graphic, 
intended  to  meet  certain  needs  of  both  tactical  operations  on  the  ground  and  strike  and  re¬ 
connaissance  operations  ir.  the  air,  and  to  provide  a  meanB  of  liaison  between  them.  This 
map,  in  seeking  world  wide  coverage,  has  encountered  the  problem  that  any  system  of  coding 
suitable  for  uninhabited  or  undeveloped  regions  becomes  highly  cluttered  and  almost  unusable 
in  regions  of  high  population  and  development.  Conversely  an  uncluttered  appearance  for 
developed  regions  may  only  be  achieved  by  a  featureless  appearance  for  maps  of  undeveloped 
regions. 

The  purpose  of  the  present  paper  is  to  approach  the  study  of  maps,  and  particularly  of 
the  joint  operations  graphic,  by  applying  known  human  factors  principles.  This  is  done  by 
considering  a  U.h.  trial  sheet  on  which  user  opinions  have  been  obtained,  by  noting  which 
features  may  cause  difficulties  in  operational  use  and  by  suggesting  the  sort  of  changes  on 
human  factors  grounds  w.,:ch  could  be  proposed  for  consideration  and  evaluation. 


JCiWT  OPERATIONS  GRAPHIC  -  U.K.  TRIAL  SmET. 


A  trial  sheet  of  both  "Air"  and  "Ground"  versions  of  the  joint  operations  graphic  was 
produced  for  part  of  the  United  Kingdom  and  evaluated  by  informed  user  opinions,  which  were 
on  the  whole  unfavourable.  For  many  purposes  the  map  was  excessively  cluttered  and  much 
information  on  it  redundant,  yet  the  users  considered  that  much  essential  information  was 
not  shown.  The  vereion  for  ground  use  must  incorporate  sufficient  detail  to  permit  the 
specification  of  positions  and  the  location  of  targets  or  strategic  points  with  precision. 
This  requires  a  detailed  map,  but  the  air  version,  expected  to  require  less  detail, 
actually  has  more  information  on  it.  The  density  of  information  is  such  that  the  aim 
of  facilitating  air  and  ground  co-ordination  has  been  compromised  since  there  is  no 
information  which  can  be  expected  to  stand  out  clearly  on  both  map  versions  under  all 
operational  conditions,  yet  some  information  in  this  form  would  seem  to  be  a  prerequisite 
for  easy  and  quick  co-ordination.  Basic  information  in  co-ordination  between  air  and 
ground  operations  should  therefore  stand  out  on  both  maps  without  searching  since  any 
information  which  does  no.  appear  boldly  may  be  difficult  to  find  under  adverse  conditions, 
such  as  darkness  on  the  ground  or  a  vibrating  environment  in  the  air,  either  of  which  might 
make  fine  detail  difficult  or  impossible  to  read. 
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The  requirements  for  knowledge  of  height  differ  greatly  for  land  and  air  use.  Although 
for  certain  flying  tw*rw the  pilot  needs  some  information  on  its  general  nature,  he  is  most 
concerned  to  know  the  highest  points  within  given  areas,  and  the  points,  their  heights  and  the 
areas  to  which  they  refer  should  therefore  all  be  clearly  indicated.  Although  certain  spot 
heights  are  given  it  is  not  easy  to  find  them,  to  distinguish  them  from  other  elevations  or  to 
tell  how  far  away  the  next  spot  height  is.  The  extensive  use  of  hill  shading  is  in  many  ways 
misleading.  Patches  of  hill  shading  in  areas  free  from  contour  lines  are  difficult  to 
interpret,  steep  sided  valleys  in  a  north-west  to  south-east  direction  are  misrepresented  by 
hill  shading  (as  in  south  Vales)  and  the  convention  of  shading  as  if  the  sun  were  in  the 
north-west  ensures  that  there  can  never  be  much  visual  correspondence  between  the  shading  and 
the  appearance  of  the  ground  in  the  northern  hemisphere. 

The  colour  coding  follows  in  many  instances  pictorial  conventions,  with  the  land  levels 
increasing  from  a  pale  yellow  through  sandy  brown  tints  to  white,  and  blue  and  green  being 
reserved  for  water  and  woodlands.  This  pictorial  realism  has  been  achieved  at  the  cost  of 
clarity.  The  succeeding  changes  of  colour  with  increasing  height  do  not  themselves  follow 
a  logical  progression  and  two  height  bands  from  400  -  800  ft.  and  from  2,000  -  4,000  ft.  are 
very  similar  in  appearance.  The  colours  used  for  roads  are  sufficiently  similar  to  those 
for  towns  to  obscure  the  road  patterns  within  towns,  and  towns  on  the  higher  land  do  not 
stand  out  clearly.  Although  much  detailed  information  on  individual  villages  is  given  it 
is  not  easy  to  deduce  the  general  shape  of  the  villages  although  this  might  be  a  good  guide 
to  identifying  them  from  the  air.  The  emphasis  on  roads  has  established  a  pattern  which 
could  easily  become  obscure  in  all  but  flat  and  open  country  so  that  the  detailed  pattern 
information  obtainable  from  roads  may  not  in  fact  be  of  great  value.  Certain  features 
which  do  stand  out  from  the  air  such  as  disused  railway  lines  have  often  been  omitted  and 
railways  do  not  have  the  prominent  appearance  on  the  map  which  they  often  assume  from  the 
air.  The  convention  of  naming  small  villages  is  for  many  purposes  self-defeating  in  areas 
where  these  are  very  numerous  since  occasions  occur  when  names  and  villages  are  so  close 
together  that  it  is  possible  to  assign  the  wrong  name  to  a  village. 


APTLIGATIOH  OF  HOMAN  FACTORS  PRINCIPLES. 

When  a  map  has  been  produced  or  is  in  its  final  stages  of  preparation  it  is  too  late  to 
apply  human  factors  principles  in  order  to  make  substantial  improvements.  It  is,  however, 
possible  to  deduce  certain  of  the  major  changes  in  the  appearance  of  the  map  if  these 
principles  had  been  applied  in  time  to  be  incorporated.  The  established  principle  of 
generally  preferring  colour  to  shape  coding  is  already  extensively  incorporated  in  maps, 
though  findings  or  reliable  colour  discriminations  have  not  greatly  influenced  the  choice 
of  elevation  tints. 

For  the  world  as  a  whole,  most  detailed  information  appears  on  low  elevation  land.  This 
applies  to  roads,  railways  and  rivers,  to  junctions  between  them,  to  towns,  and  to  most 
information  in  verbal  form.  If  numerous  names  are  desired  and  the  print  size  is  small,  these 
require  good  contrast.  This  suggests  that  the  lightest  tints  on  the  entire  map  should  be 
those  representing  low  elevation  land.  This  should  therefore  be  nearly  white  and  considerably 
lighter  than  that  on  the  joint  operations  graphic.  Increases  in  elevation  should  follow  some 
logical  scale  of  colour  changes.  If  the  scale  of  pale  yellow  to  brown  is  employed  each 
higher  elevation  should  be  both  darker  and  more  brown,  so  that  it  is  possible  to  tell 
relative  heights  at  a  glance,  and  the  confusion  engendered  by  introducing  a  more  sandy  tint 
between  two  brown  ones  can  be  avoided.  The  major  division  between  land  and  water  should 
stand  out  and,  therefore,  a  convention  is  needed  which  shows  the  shore  line  clearly  by  making 
the  sea  darker  and  by  using  colour.  The  areas  of  sea  do  not  normally  include  greatly 
detailed  information,  and  therefore  they  may  be  quite  dark  to  retain  good  contrast  with  the 
land  and  words  printed  in  a  sea  area  may  make  up  for  poorer  contrast  by  increased  size 
since  there  is  plenty  of  room  for  them. 

Towns  may  occur  at  any  land  level  and  therefore  must  be  represented  by  a  convention 
which  provides  good  contrast  between  the  town  and  every  elevation  tint.  If  the  shape  of 
towns  ic  important  then  it  may  be  worth  indicating  them  by  outlining  the  shape,  and  by 
hatching  .n  the  town  area  rather  than  by  having  a  uniform  colour  for  the  whole  town.  This 
might  permit  both  a  clearer  representation  of  the  town  and  some  indication  of  elevation 
changes  within  it.  The  optimum  colour  for  towns  might  depend  on  experimentation  and  on  the 
lighting  conditions  under  which  the  map  would  be  used,  but  the  use  of  grey  striping  or 
hatching,  with  a  distinctive  outline,  might  be  worth  trying.  The  positions  of  villages 
nay  need  to  be  retained  for  ground  use  but  for  air  use  if  a  village  is  indicated  it  should 
be  in  terms  of  its  general  shape,  and  its  detailed  location  with  reference  to  a  network  of 
minor  roads  nay  be  useless  information  for  most  air  purposes.  The  clutter  which  this 
produces  also  would  seem  to  prevent  it  from  ever  becoming  an  effective  means  of  air/ground 
liaison  and,  therefore,  the  deletion  of  much  detail  of  villages  and  roads  from  the  air 
version  would  not  appear  to  produce  any  major  defects. 
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The  road  classification  again  suffers  from  lack  of  contrast  with  the  towns  and  with  some 
of  the  background  elevation  tints.  A  feature  of  roads  which  stands  out  for  air  and  ground  use 
is  whether  they  are  single  or  dual  carriageway.  Although  these  maps  contain  an  elaborate  road 
classification  this  is  not  obvious  from  a  quick  glance  and  does  not  become  so  even  after 
detailed  study.  Dual  carriageways,  and  particularly  motorways,  should  stand  out  and  it  may 
be  that  some  form  of  discontinuous  or  double  colour,  or  hatch  line,  should  be  used  to  achieve 
this  effect  rather  than  retaining  a  single  colour  for  all  main  roads.  There  seems  no 
a.  priori  reason  for  not  employing  mixed  colours  to  make  a  feature  stand  out. 


Railways  have  long  been  considered  to  be  a  good  navigation  aid,  and  a  feature  on  the 
landscape  which  should  be  shown  clearly.  The  convention  of  black  lines  for  railways  has 
become  well  established  and  there  seems  no  good  reason  for  changing  it  providing  a  completely 
different  convention  is  used  for  roads.  Features  of  railways  such  as  major  cuttings  and 
viaducts  are  major  aids  to  navigation  and  should  be  shown.  Disused  railways  often  continue 
to  be  prominent  features  of  the  landscape  and  should  therefore  be  shown,  and  when  railways 
cross  rivers  and  major  roads  these  can  provide  good  navigation  references  and  such  junctions 
should  be  clearly  indicated,  preferably  with  some  coding  to  indicate  which  goes  under  which. 

A  minor  point  is  that  it  seems  confusing  that  the  symbol  used  for  a  station  in  the  joint 
operations  graphic  is  the  same  as  that  used  for  disused  stations  on  ordnance  survey  maps. 
Although  conventions  may  differ  from  one  map  to  another  it  is  unfortunate  if  the  same  con¬ 
vention  represents  different  things  on  different  maps. 


It  is  uncertain  how  much  information  is  lost  if  hill  shading  is  removed  altogether,  and 
experimentation  might  be  needed  to  study  this  problem.  There  are  numerous  instances  where 
the  current  hill  shading  conventions  however  are  misleading  and,  therefore,  alternative 
methods  of  showing  relief  should  be  explored.  A  convention  is  needed  which  depends  less  on 
the  geographical  orientation  of  the  main  relief  features  and  the  present  amalgamation  of  tints 
and  contours  has  the  effect  of  occasionally  obscuring  the  information  on  how  steep  the  slope 
is,  since  the  presence  of  closely  spaced  contours  may  be  obscured  by  the  hill  shading. 

The  pictorial  conventions  of  blue  for  lakes  and  rivers  and  green  for  woodland  are  on  the 
whole  effective  for  major  features,  although  the  green  changes  in  colour  depending  on  the 
elevation  tint  on  which  it  is  superimposed.  The  convention  works  in  areas  of  small  woods, 
the  shapes  of  which  may  aid  navigation  and  confirm  positions,  but  it  is  less  successful  in 
forested  areas.  The  extent  to  which  relatively  minor  streams  should  be  indicated  is  not 
clear  in  terms  of  the  various  functions  which  the  map  must  fulfil,  and  it  may  be  that  some 
experimentation  would  be  necessary  to  establish  the  value  of  presenting  small  rivers  and  the 
extent  to  which  bridges  on  them  should  be  emphasised.  There  may,  for  many  navigation 
purposes,  be  a  good  case  for  introducing  a  convention  denoting  the  type  of  bridge.  Generally, 
lakes  stand  out  well  because  they  contrast  with  all  other  colours  used  in  the  map. 

It  has  been  noted  that  tne  map  is  in  many  ways  excessively  detailed,  particularly  in  terms 
of  roads  and  place  names.  There  are ,  however,  several  landscape  features  which  occur 
relatively  rarely  but  should  be  included  because  they  are  a  major  aid  to  navigation  when  they 
do  occur,  and  could  aid  air/ground  liaison.  Such  features  include  factory  chimneys,  church 
steeples  and  very  large  buildings  of  a  distinctive  character  which  are  not  in  towns.  Other 
identifiable  features  such  as  lighthouses  could  be  shown  much  more  prominently. 


Although  it  is  possible  to  work  from  first  principles,  and  suggest  what  should  be  included 
and  what  excluded  from  maps,  and  the  codings  and  conventions  which  would  be  most  effective, 
such  suggestions  should  not  be  accepted  without  detailed  consideration  of  the  environmental 
conditions  under  which  the  maps  must  be  used.  The  main  problem  in  ground  use  of  maps  is 
probably  to  ensure  that  they  will  remain  satisfactory  at  night  when  they  must  be  used  under 
conditions  of  light  illumination  which  may  itself  be  coloured.  In  the  air  it  is  possible 
that  the  map  may  be  used  with  red  environmental  lighting,  although  the  problems  which  arise 
from  this  are  not  thought  to  be  particularly  serious.  A  further  problem  is  the  degradation 
of  the  information  because  of  vibration  in  the  aircraft,  and  the  print  size  for  lettering 
should  be  chosen  with  this  problem  in  mind.  Some  work  has  been  done  on  the  choice  of  fonts 
for  maximum  legibility  in  printed  words,  although  this  has  often  emphasised  legibility  rather 
than  readability.  A  further  question  is  whether  the  font  should  be  designed  to  permit  the 
inclusion  of  as  many  names  as  possible  in  the  minimum  space  which  allows  them  to  be  read 
under  good  conditions,  or  whether  it  should  be  designed  rather  to  reduce  search  times  for 
finding  the  place  names.  In  the  joint  operations  graphic  there  may  be  considerable 
difficulty  in  locating  place  names  from  grid  references,  partly  because  these  references 
do  not  stand  out  well,  this  being  in  turn  a  function  of  their  contrast  with  the  background 
and  the  spacing  between  them.  The  inclusion  of  numerous  place  names  suggests  that  they  may 
be  used  to  specify  positions  rather  than  grid  lines  on  the  map,  although  the  latter  would 
normally  be  more  accurate  if  a  system  were  adopted  allowing  reasonably  accurate  interpol¬ 
ation. 
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CONCLUSIONS. 


It  is  emphasised  that  the  exercise  of  applying  human  factors  principles  to  the  design  of 
maps  and  charts  is  meant  to  suggest  the  formats  on  which  opinions  should  be  obtained  and 
evaluations  conducted.  It  is  not  suggested  that  the  results  of  applying  these  principles 
can  be  accepted  without  verification.  This  exercise  of  working  from  first  principles  is  not 
a  replacement  for  other  sources  of  information,  but  an  addition  to  them.  It  remains 
essential  to  establish  by  task  analysis  and  task  description  what  information  is  required  for 
each  operational  role,  to  obtain  user  opinion,  and  to  show  not  only  that  the  map  is  acceptable 
but  that  it  constitutes  an  improvement. 

The  main  outcome  of  applying  these  principles  would  be  to  make  the  map  lighter  and  much  less 
cluttered,  and  to  delete  some  information  and  introduce  certain  symbols  which  at  the  moment  are 
not  present  and  generally  indicate  major  aids  to  navigation.  Colour  codings  would  follow  more 
logical  principles,  but  not  necessarily  pictorial  ones,  and  a  small  amount  of  very  important 
information  would  stand  out  very  clearly  to  form  a  basis  for  liaison,  and  to  emphasise  those 
features  considered  most  important  for  the  operational  roles  for  which  the  map  is  intended. 

This  might  be  achieved,  if  necessary,  by  abandoning  the  principle  of  a  uniform  single  colour 
for  each  type  of  feature,  and  by  introducing,  for  example,  hatching  instead  of  a  single  colour 
to  show  towns  or  distinctive  roads.  It  would  seem  essential  to  obtain  in  some  detail  the 
opinions  of  the  users  of  maps  when  trial  sheets  are  made  and  to  conduct  comparative  trials  to 
ensure  that  new  maps  are  better  than  those  which  they  are  intended  to  replace.  It  may  also 
be  worth  considering  the  abandonment  of  uniform  world-wide  principles  which  lead  to  cluttered 
maps  for  some  areas  and  nearly  blank  maps  for  others,  and  to  put  on  the  maps  the  information 
needed  to  fulfil  the  operational  roles  over  each  particular  type  of  terrain.  Thorough  job 
analysis  would  suggest  how  seriously  this  alternative  should  be  studied. 


L ' INFLUENCE  DE  L'ECLAIRAGE  PODR  LA  LECTURE  DES  CARTES  DE  NAVIGATION 


A.  MERCIER  -  G.  PERDRIEL  -  J.  CHEVALERAUD 


Travail  du  Centra  Principal  d'Expertiaes  Hedicales  du  Personnel  Navigant  et  du 


Centre  de  Vision  Nocturne  de  l'Armea  de  l'Air 
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One  enqulte  a  ete  effectual  aur  163  navigants  tant  de  1 'aviation  militaire 
qua  da  l'avlation  civile,  an  tenant  compte  surtout  da  l'opinion  das  navigateure  plus 
specialement  charges  da  la  lecture  das  cartas. 

II  leur  a  ate  demande,  salon  le  type  d 1  avion  utilise,  quel  mode  d'eclairage 
ils  prefers-"  _nt  pendant  la  periods  de  roulage,  le  decollage,  le  vol  de  croisilre  at 
lors  des  procedures  d'atterrissage.  Ils  devaient  aussi  donner  leur  avis  sur  lea  inten- 
sites  d'eclairage  aises  k  leur  disposition,  sur  les  perturbations  de  leur  adaptation 
retinienne,  la  fatigue  eprouvee  du  fait  de  la  lecture  des  cartes  et  le  pourcentage  de 
lumiere  blanche  et  rouge  en  cas  d'utilisation  d’un  melange  des  deux  couleurs. 

Aux  conclusions  tirees  de  cette  enqulte  a  ete  ajoute  le  cas  particulier  du 
pilots  de  aonoplace  de  chasse  pouvant  evoluer  k  basse  altitude  et  k  grande  Vitesse. 
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L 'utilisation  des  cartes  da  navigation  et  des  plana  de  vol  est  necessaire  A 
toutes  les  phases  d'un  vol  de  nuit,  aussi  bien  au  decollage  qu'A  1 'atterrissage,  pour 
connattre  la  disposition  des  pistes  et  les  procedures  d'approche,  qu'au  cours  mime  de 
la  mission  af In  de  permettre  la  verification  des  points  de  repAre  terrestres  et  l'iden- 
tification  d'objsctifs  au  sol. 

Dans  tous  ces  cas,  il  imports  de  conserver  une  bonne  adaptation  retinienne 
permettant  la  vision  exterieure  aux  faibles  brillances  nocturnes  et  d'eviter  l'eblouis- 
sement  que  produirait  une  lumiAre  vive  facilitant  la  lecture  des  cartes. 

Pour  connattre  l'opinion  de  ceux  qui  sont  le  plus  habituellement  charges  de 
la  lecture  des  cartes,  une  eaqutte  a  ete  entreprise  au  cours  du  second  trimestre  1968 
auprAs  de  163  navigateurs  tant  civile  que  militaires. 

II  leur  a  ete  demands,  selon  le  type  d'avion  utilise,  quel  mode  d'eclairage 
ils  preferaient  pendant  la  periode  de  roulage,  le  decollage,  le  vol  de  croisiAre  et 
lore  des  procedures  d'atterrissage.  Ils  devaient  aussi  donner  leur  avis  sur  les  inten- 
sites  d'eclairage  mises  a  leur  disposition,  sur  les  perturbations  de  leur  adaptation 
retinienne,  la  fatigue  eprouvee  du  fait  de  la  lecture  des  cartes  et  le  pourcentage  de 
lumiAre  blanche  et  rouge  en  cas  d'utilisation  d'un  melange  des  deux  couleurs. 

Des  cartes  mises  a  leur  disposition,  qu'il  s'agisse  de  militaires  ou  de  civile 
etaient  celles  actuellement  en  service  et  qui  sont  de  deux  types  :  f rang a is  ou  americain. 

Nous  avons  enfin  envisage  le  cas  particulier  du  pilots  de  monoplace  de  chasse 
pouvant  evoluer  A  basse  altitude  et  A  grande  Vitesse. 

Nous  allons  examiner  successivement  les  resultats  de  1'enquAte  concernant  les 
navigateurs  militaires,  nous  verrona  ensuite  l'opinion  des  navigateurs  civile. 


A.  NAVIGATEURS  MILITAIRES 

Les  43  questionnaires  exploites  concernaient  t 

22  navigants  chasse 
15  navigants  transport 

8  navigants  n'ayant  pas  precise  le  type  d'avion  utilise. 

Cette  derniere  categorie  a  ete  retenue  comme  reference  avec  les  deux  autres  categories. 

Les  moyennes  d 'Age  dans  chaque  categorie  sont  comparables  : 

31  ans  pour  le  groupe  chasse 
33  ans  pour  le  groupe  transport 
36  ans  pour  le  troieiAme  groups. 

Le  nombre  d'heures  de  vol  etait  respectivement  de  1 

38.827  pour  le  groupe  de  chasse,  dont  4.079  heures  de  nuit 
69.260  pour  le  groupe  de  transport,  dont  10.000  heures  de  nuit 
23.400  pour  le  dernier  groupe,  dont  4.270  heures  de  nuit. 

Voyons  ma lntenant  les  reponses  aux  differentes  questions  posees  : 


A7-2 


1)  MOSS  D'ECLAIRAGE  PREFERE 
a)  Phase  de  roulage 
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b)  Phase  ds  dicollage 


( 

( 

< 

<- 

( 

( 

( 

( 

( 

(- 

( 

( 

( 

( 

( 

<- 

( 

( 

( 

( 

( 

(- 

( 

( 

( 

( 

( 

(. 


MODE  D' EC LA IRAQI 

s 

l  CHASSE 

* 

1  TRANSPORT 

s 

I  34bo  CATEGORIE 

I  1  l 

ROUGE 

2  sujsts 

:  2  sujsts 

*  2  sujsts 

9,09  % 

\  13,3  % 

|  25  % 

O.V. 

5  sujsts 

,  3  sujsts 

,  3  sujsts 

22,7  % 

|  20  * 

1  37,5  # 

ASSOCIATION 

13  sujsts 

,  10  sujsts 

,  3  sujsts 

59,09  % 

|  66,6  * 

!  37,5  % 

PAS  D'AVIS 

. 

2  sujsts 

9,09  % 

« 

L'iolalrags  assoc 1*  pridoains  saeors  aals  on  nets  use  augmentation  significative 
dss  utllisatsurs  d'D.?.  dans  Is  groups  chasss • 


A7-3 


c)  Phase  da  oroisiire 
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d)  Phase  des  procedures  d'atterrissage 
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Le  rouge  reconenoe  A  Itre  utilisi  da  vantage,  au  detriment  de  l'U.V 
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2)  GAMME  D* INTENSITE  MXSE  A  LA  DISPOSITION  DES  NAVIGANTS 
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Seuls  lea  chasseurs  montrent  une  legire  restriction.  Tous  les  autrea 
l'estiment  suffisante. 

3>  DES ADAPTATION  POUR  LA  VISION  EXTERIEURE 
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fa  ce  qui  concerns  la  desadaptation  pour  la  vision  exterieure,  on  cons¬ 
tate  qua  la  aajorite  des  naviganta  eat  plus  diaadaptee  par  un  eclairage  autre  que 
le  rouge. 
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4)  FATIGUE  RESULTANT  DE  LA  LECTURE  DES  CARTES 
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La  lecture  dee  cartes  sous  un  eclairage  rouge  fatigue  la  majority  des  sujeta 
ftvec  un  pourcentage  qui  croft  parallilement  a  1' augment at ion  de  l'Age,  du 
fait  de  la  difficulte  de  miae  au  point  aur  le  foyer  rouge. 

5)  POURCENTAGE  DE  LUMIERE  BLANCHE  ET  ROUGE  UTILISE  EN  CAS  DE  MELANGE 

40  JS  des  naTigants  du  groups  tranaport  utiliaent  80  %  de  rouge  et  20  %  des 
aujeta  70  %  seulement.  Lea  autrea  n'utilisent  qu'un  pourcentage  inferieur  A  50  %.  Paa 
de  aajorite  significative  dans  le  groups  chases ,  main  troia  options  paraissent  prAfA- 
rentielles  t  70  %,  50  %  et  30  %  de  rouge. 

Dans  la  troisiAae  categoric,  toua  lea  naviganta  declarent  employer  60  %  et 
plus  de  rouge. 

6)  CHOIX  DES  CARTES 


Deux  sortes  de  cartes  aont  actuellement  aises  A  la  disposition  des  naviganta  t 


franqaises  ou  aairicaines. 
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L' aviation  de  cbasse  prefirs  lea  cartea  franchisee,  1 'aviation  da  tranaport  emploie 
A  igaliti  lea  deux  types  de  cartes* 

7)  CAS  DU  PILOTS  DE  MONOPLACE  POUVANT  VOLES  A  BASSE  ALTITUDE  ET  A  GRANDE  VITESSE 

Si,  sur  lea  aviona  allitaires  multiplacea,  la  majorite  des  navigateurs  prefire 
augmenter  l'intensite  d'eclairage  de  la  cabine  pendant  une  courte  phase,  afin  de  consul- 
ter  la  carte  -et  ceci  d'autant  plus  ▼olontlera  qua  l'avion  se  trouve  en  dehors  d'une  pe¬ 
riods  critique  du  vol-,  au  moment  de  l'atterrisaage  et  pendant  le  quart  d'heure  qul  le 
precide,  c'est  l'eclairage  dit  "de  secours" ,  e'est  A  dire  la  lamps  de  poche  qul  eat  la 
plus  sou vent  utilises. 

Le  pilote  de  monoplace  de  chasae  eat  placi  dans  des  conditions  tris  differen- 
tes,  il  doit  A  la  fois  assumer  la  conduite  de  l'appareil,  la  vision  A  l'exterieur  du 
cockpit  et  la  lecture  des  cartes  placees  sur  ses  genoux.  II  a  ete  verifie  qu'etant  don— 
ne  sa  position  dans  l'espace  restraint  dont  il  dispose,  l'eclairage  du  tableau  de  bord 
ne  permet  pas  de  consulter  efficacement  une  carte  quels  que  soient  le  mode  d'iclairage 
et  le  taux  d' illumination  utilises.  Seul  rests  possible  l'emploi  du  projecteur  orienta- 
ble  place  A  gauche  et  A  la  hauteur  de  la  ttte  du  pilote  et  que  ce  dernier  peut  fairs 
descendre  au  niveau  de  la  carte.  Ce  projecteur,  qui  revient  automat iquement  en  place 
apres  usage,  peut  eclairer  en  blanc  ou  en  rouge.  Le  blanc  rests  en  pratique  le  seul  uti¬ 
lise.  Il  faut  reconnaltre  que,  lors  d'un  vol  A  grande  Vitesse  et  surtout  s'il  est  prati¬ 
que  A  basse  altitude,  la  majorite  des  pilotes  franqais  renonce  A  la  perte  de  temps  que 
provoque  la  saisie  du  projecteur  et  son  orientation  sur  la  carte.  Ils  pref&rent  utiliser 
la  lampe  de  poche  places  sur  la  cuiase  de  leur  combinaison  de  vol  et  dont  ils  peuvent 
filtrer  la  lumiAre  entre  leurs  doigts  pour  Aclairer  rapidement  le  point  precis  de  la  car¬ 
te  qu'ils  doivent  examiner  pour  verifier  leur  position. 


B.  NAVIGATEURS  CIVILS 

Les  1l8  questionnaires  exploit as  concernaient  1 

42  navigants  sur  CARAVELLE 
30  navigants  sur  BOEING  70? 

10  navigants  sur  D.C.  8 

20  navigants  sur  avions  divers  (D.C.  4  -  D.C.  6  -  VISCOUNT  etc  ...) 

16  navigants  n'ayant  pas  precise  le  type  d' avion  utilise 

Dans  chaque  categoric,  les  moyenneB  d'Age  varient  respectivement  de  38  ans  A 
42  ans,  la  moyenne  la  plus  basse  etant  cells  des  utilisateurs  de  CARAVELLE  S.E.  210  et 
la  plus  elevee  celle  des  utilisateurs  de  BOEING  707. 

Le  nombre  d'heures  de  vol  etait  respectivement  de  1 

396.937  sur  CARAVELLE  soit  une  moyenne  de  9.680  dont  4.345  heures  de  vol  de  nuit. 
354.998  sur  BOEING  (moyenne  12.241)  dont  4.019  heures  de  vol  de  nuit. 

97.245  sur  D.C.  8  (moyenne  9*724)  dont  3.322  heures  de  vol  de  nuit. 

Pour  les  deux  derni&res  categories,  les  moyennes  d'heures  etaient  respectivement  de 
6.178  et  9.487  dont  1.736  et  3.420  heures  de  vol  de  nuit. 
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1)  W>in  D'XCLAIRAGE  PREFER! 

a)  Phaaa  da  roulaga 


MODI  D'ECLAIRAGI 


ROUGE 


BLANC 


ASSOCIATION 


PAS  D'ATIS 
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La  aajoriti  daa  uarigaata  pr&ttra  us  ielairaga  auaocii. 
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L'Aalalraga  aaaaoi*  a  la  prkfiraaoa  daaa  daa  yraportlaaa  aaaaiblaaaat  Agalaa  A 
aallaa  da  la  pirlada  da  roulaga. 
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a)  Fkui  da  eroisitra 
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La  blue  l'aaporta  aur  la  rouga  at  l'dclairaga  associi.  Sur  D.C.  8  11  eat  nattaaaat 
la  plus  aaplo j4 • 


d)  Phasa  daa  procedural  d'attarrisaaga 
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La  ponreantaga  d'utllisatanrs  da  rooga  on  d'aaaoold  aagaanta  aa  catta  pArioda  d4- 
lloata  da  rol. 
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2)  GAMME  D'  INTENSITY  NISE  A  LA  DISPOSITION  DES  NAVIQANTS 
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La  tria  grand*  majorite  deo  nariganta  *atia*  suffiasnt*  la  gaaaa  d*  intans it A  ala*  A 
leur  disposition  (d*  80  A  100  X)  aelon  las  typea  d* melons.  C'aat  dans  1*  groap*  das 
naviganta  aur  BOEING  (on  sont  lea  aujeta  las  plus  Agfa)  qua  la  peurcentage  das  ln- 
satisfalts  eat  la  plus  Important. 

3)  DES ADAPTATION  POOH  LA  VISION  EXTERIEURE 
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4)  FATIGUE  RESULTANT  DE  LA  LECTURE  DES  CARTES 
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sont  las  cartes  f rentals**  qul  anportent  le  plua  d*  suffrages. 
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De  1' enqutte  do>t  Boas  venons  d 1 exaniner  las  risultats,  11  stable  qua  l'on 
puisse  digager  las  eenelasleBS  suivantes  : 

1*  La  grands  najoriti  das  navigants  utilise  un  iclalraga  asaocii  au  eours  das  dlf- 
firentes  phases  du  vol. 

2*  Cast  pendant  la  vol  da  crolsiire  qua  1* iclalraga  blano  ast  la  plus  enplopi, 
aussi  bias  chas  las  ailltairas  qua  ches  las  civils  at  quel  qua  aolt  la  type 
d 'apparell. 

3*  La  ganna  d'lnteneiti  paratt  suffisante  A  la  grande  najoriti  das  navigants  (86 
A  100  X  pour  las  nilitaires,  80  k  100  X  pour  las  civils). 

6*  L'ielairage  blanc  ast,  da  l'avis  general,  calnl  qui  disadapte  la  plus  (62,5  k 
82  X  pour  las  nilitaires,  50  k  78,5  X  pour  les  civils).  II  ast  k  noter  qua, 
ches  las  nilitaires,  la  blanc  disadapte  d'autant  plus  que  las  sujets  sont  plus 
jeunes •  Chas  les  civils  on  na  retrouve  pas  la  nine  parallilisne .  Cast  cepen- 
dant  la  groups  la  plus  jaunt  (celui  da  CAKAVELLE)  qui  presents  la  plus  fort 
pourcentaga • 

5*  La  lecture  das  cartes  sous  iclalraga  rouge  fatigue  plus  qua  sous  iclalraga  blano. 
Las  nilitaires  signalant  cette  fatigue  dans  5^,5  %  k  75  %  des  cas,  les  pourcen- 
tages  augnentant  parallilenent  k  la  nopenne  d'tge.  Chas  las  civils,  les  pourcen- 
tagas  sont  coaparables  (70  A  90  X)  at  l'on  note  que  ce  sont  les  plus  jeunes  qui 
so  plaignent  la  noins  da  1* iclalraga  rouge. 

6*  II  n'a  pas  iti  possible  da  diduira  da  catta  enqutte  une  tendance  an  ce  qui  con¬ 
cerns  la  choix  du  pourcentaga  da  rouge  dans  les  associations  de  couleurs.  Les 
risultata  das  diffirants  groupes  nontreat  des  variations  et  une  grande  riparti- 
tlon  das  choix. 

7*  Las  cartas  franqaises  sont  utilisies  prasqua  exclusivement  dans  1* aviation  da 
chasse.  La  transport  nilitalra  enplole  k  igaliti  cartas  franqaises  at  aniricsi- 
nea.  Las  navigants  civils  saablent  sa  prononear  igalanent  pour  les  cartas  fran- 
qaises. 

8*  Pour  las  pilotas  da  nonoplaca  pouvant  volar  k  basso  altitude  et  k  grande  Vites¬ 
se,  c'est  I'eaploi  da  la  laapa  da  poche  qui  ast  considiri  conns  le  nopen  le 
plus  rapids  at  le  plus  efficaca  pour  consulter  une  carte. 

L'intiret  de  cette  enqutte  est  done  d'avoir  nontri  l'accord  des  navigants  sur 
la  probline  de  la  lecture  des  cartas  an  function  de  l’iclalrage. 

Cat  accord  nous  paratt  avoir  d'autant  plus  de  valour  que  nous  nous  sonnes 
adressis  A  deux  tppes  de  population  utilissnt  des  apparells  de  tous  noddles  et  acconplis- 
sant  des  nissions  trie  varlies. 


PHILOSOPHIES  OF  VOICE  COMMUNICATION  SYSTEMS  DESIGN 


By 

Robert  T.  Camp,  Jr. 

U.  S.  Army  Aeromedical  Research  Unit 
Fort  Rucker,  Alabama 


AS 


SUMMARY 

There  is  a  need  for  improved  aircraft'  voice  communication  systems  in  the  armed  services,  FAA  end 
NASA  applications.  Recorded  scmples  show  the  urgent  need  for  improvement. 

It  is  proposed  that  the  philosophy  of  systems  design  that  hers  evolved  since  World  War  II  is  largely 
responsible  for  the  present  low  efficient  systems.  The  popular  assumptions  held  by  design  engineers  about 
distortion,  bandwidth  conservation  and  intelligibility  criteria  explain  some  of  the  impedances  to  the  success¬ 
ful  development  of  ideal  systems. 

As  a  solution  to  the  problem,  a  new  philosophy  of  communication  systems  design  is  proposed.  Data 
from  recent  experiments  support  the  argument  that  the  realization  of  improved  voice  communication  systems 
will  depend  largely  upon  a  change  of  philosophy.  Tape  recordings  of  new  experimental  systems  are  pre¬ 
sented  as  evidence  that  it  is  possible  to  have  high  intelligibility  under  high  ambient  noise  conditions.  A 
basis  for  changing  criteria  for  accepted  speech  intelligibility  is  presented. 
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DUE  TO  LACK  of  a  better  one,  we  have  chosen  to  call  the  title  of  this  presentation:  "Philosophies  of  Voice 
Communication  Systems  Design."  In  this  regard,  many  electronic  engineers  are  of  the  opinion  that  any  degree 
of  intelligibility  is  adequate  for  Government  work.  This  is  not  a  solitary  position.  Some  acoustic  and  audi¬ 
tory  scientists,  e.g.  at  FAA,  share  this  position  which  is  unacceptable  to  us. 

The  Navy  has  concurred  with  our  position  on  an  individual  basis  and  in  a  more  public  way,  as 
represented  in  a  formal  report,  "Effective  Life  Support  Helmets",  published  by  Biotechnology  Inc.  and  sup¬ 
ported  by  the  U .  S.  Navy. 

To  define  the  problem,  we  will  present  recordings  of  three  present  systems  as  a  demonstration  of 
the  effects  of  distortion.  The  first  is  a  system  in  a  private  aircraft  in  which  you  will  hear  a  fatal  crash.  We 
were  asked  to  identify  the  voice  of  the  speaker  as  male  or  female.  Your  guess  is  as  good  as  ours.  The 
second  recording  is  a  tape  of  the  GEMINI  10  space-ground  communication  between  Astronaut  Young  and 
NASA  Houston  and  narrated  by  NBC.  The  third  is  a  recording  of  the  system  in  a  CH-47  (Chinook)  Army  Heli¬ 
copter,  using  the  conventional  system  and  followed  by  a  recording  of  our  experimental  system. 

TAPE  RECORDINGS 

FAA  TAPE  RECORDING.  The  first  recording  is  a  collection  of  excerpts  from  a  tape  of  communi¬ 
cations  between  a  civilian  aircraft  and  a  radar  control  station. 

NASA  TAPE  RECORDING.  Everyone  would  probably  agree  that  civilian  aircraft  and  FAA  com¬ 
munications  are  not  too  sophisticated,  however,  the  efforts  expended  to  provide  the  best  possible  for  Astro¬ 
nauts  are  well  known.  Here  is  a  sample  of  recorded  communications  on  a  docking  flight  between  Astronaut 
Young  and  the  ground.  The  NBC  narrator  employs  a  linear  system  and  represents  a  product  of  the  philosophy 
that  we  are  recommending.  In  contrast,  you  can  hear  the  military  type  system  that  can  easily  be  identified 
as  either  the  NASA  ground  station  or  the  spacecraft.  The  military  sound  or  quality  is  due  to  distortion. 

CHINOOK  TAPE  RECORDING  (With  Distortion).  After  repeated  communications  to  establish 
contact  with  another  ship,  it  was  finally  made.  The  transmitting  ship  repeated  the  message  -  that  is  the 
test  phrase . 


CHINOOK  TAPE  RECORDING  (Without  Distortion).  Next,  we  will  present  a  recording  which 
was  made  in  one  of  the  seme  Chinooks  with  our  experimental  linear  system. 

C-54  TAPE  RECORDING.  The  last  sample  is  an  excerpt  from  a  tape  recorded  by  the  U.  S. 
Naval  School  of  Aviation  Medicine,  Pensacola,  Florida,  a  few  years  ago.  It  is  a  transmission  from  a  C-54 
to  the  Acoustic  Laboratory  at  Pensacola. 

The  primary  differences  between  the  first  three  taped  samples  of  speech  and  the  last  two  lie  in  the 
amount  of  system  distortion.  Of  the  various  types  of  distortions,  peak-clipping  is  perhaps  the  most  controver¬ 
sial.  It  is  a  type  of  amplitude  distortion  that  is  used  for  limiting  dynamic  range  which  many  assume  improves 
intelligibility  under  high  noise  conditions.  The  following  experimental  data  are  presented  as  a  refutation  of 
the  premise  that  peak-clipping  is  beneficial  to  speech  intelligibility. 

Figure  1  shows  the  masking  contour  of  listeners  who  heard  a  450  Hz  tone  with  and  without  peak- 
dipping.  The  interference  of  the  extra  harmonic  effects  is  reflected  in  the  contour  derived  from  data  col¬ 
lected  under  the  clipping  conditions.  Each  point  on  the  contours  is  a  mean  of  three  listener  responses. 

These  results  show  the  effects  of  extra  useless  energy  on  perception  and  may  be  expected  to  mask  critical  low 
amplitude  consonant  sound  with  negatively  sloped  noises.  Also,  it  shows  how  the  ear  is  subjected  to  unnec¬ 
essary  noise  by  this  process. 

Figure  2  shows  the  results  obtained  from  listeners  after  l.stening  to  a  recording  of  a  speaker  in 
various  noise  levels,  when  the  recording  was  subject  to  20  db  of  peak-clipping.  These  data  clearly  indicate 
a  loss  of  intelligibility. 

In  conclusion,  we  have  shown  that  high  intelligibility  is  possible  in  high  noise  levels.  We  can 
get  90%  in  120  db  noise.  It  is  therefore  recommended  that  it  be  a  requirement  to  design  future  equipment 
with  linear  characteristics.  We  believe  that  a  high  quality  system  would  have  furnished  valuoble  informa¬ 
tion  about  the  NASA  disaster.  We  also  believe  that  such  systems  will  improve  the  efficiency  and  reduce 
cost  of  military  operations. 
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Effect  of  20  OB  Peak -Clipping  and  o  Band-Pass  of  200-4000  Hz  on  Listeners'  Reception  Scores. 
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RESEARCH  FINDINGS  ON  TARGET  DETECTION  THAT  HAVE 
IMPLICATIONS  FOR  PATTERN  RECOGNITION 

Dr.  Herschel  C.  Self 
Aerospace  Medical  Research  Laboratories 
Wright-Patterson  Air  Force  Base,  Ohio 
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SU»«ARY 

A  series  of  studies  at  Wright-Patterson  Air  Force  Base  have  examined  the  target-finding  behavior 
of  observers.  A  variety  of  sensors  and  displays  have  been  used  with  static  and  moving  scenes. 
Some  of  the  numerous  findings  having  implications  for  pattern  recognition  are  discussed.  It  is 
pointed  out  that  the  detection-recognition  dichotomy  may  be  misleading;  that,  within  wide  limits, 
contrast  may  influence  reaction  time  more  than  it  does  probability  of  detection;  that  either  con¬ 
text  or  briefing  may  relegate  resolution  and  contrast  to  minor  roles;  that  target  finding  is  com¬ 
plicated  by  target-background  interaction;  that  likely  target  locations  reduce  image  quality  re¬ 
quirements  while  unlikely  ones  Increase  them.  It  follows  that  a  priori  search  patterns  can  be 
inefficient,  and  tuat  detection  or  recognition  prediction  models  must  be  very  complex  to  be  use¬ 
ful.  Finally,  the  antagonistic  demands  upon  observer  behavior  of  different  performance  goals 
are  discussed. 
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INTEREST  AND  EXPERIMENTATION  in  pattern  recognition  is  about  as  old  as  experimental  psychology, 
although  the  expression  has  become  popular  only  recently.  Much,  though  by  no  means  all,  of  the 
older  research  was  done  with  geometrical  figures  and  other  simplified  stimulus  material  for  which 
precise  control  and  specification  of  image  characteristics  could  be  obtained. 

Although  much  progress  In  understanding  pattern  vision  was  obtained  with  such  material,  for 
example,  see  Hake  (1957),  by  the  late  1950's  it  became  apparent  that  the  results  of  the  classical 
pattern  vision  studies,  including  those  that  had  used  real  scenes,  left  much  to  be  desired.  They 
offered  almost  no  help  in  predicting  the  performance  of  test  subjects  in  observing  either  the 
real  world  or  pictures  of  it.  It  was  clear  that  powerful  variables  were  present  that  were  not 
even  hinted  at  in  the  available  literature.  Those  who  were  working  with  real  world  problems  in 
perception,  performance,  or  the  evaluation  of  systems  utilizing  human  observers  were  forced  to 
take  the  plunge  and  commence  their  own  experimentation  with  real  scenes  or  representations  of 
them  in  the  form  of  pictures  or  other  displays.  This  was  particularly  true  of  many  military 
psychologists. 

For  this  reason,  the  author  and  his  co-workers  have  been  doing  research  on  the  target  detection 
behavior  of  human  observers  involved  in  simulated  target-finding  systems,  as  exemplified  by  rapid 
reconnaissance  aircraft.  Some  of  their  investigations  have  utilized  moving  Images  on  a  display 
and  some  have  Involved  static  pictures.  The  variables  investigated  have  Included  scene  and  tar¬ 
get  complexity  (a  mixture  of  many  variables),  scene  illumination,  image  resolution,  display  for¬ 
mat,  Image  motion  rate.  Image  polarity,  target  intelligence  (briefing),  task  load,  number  of 
allowed  target  choices,  and  number  and  types  of  sensors.  Aerial  and  motion  picture  cameras, 
passive  Infrared  sensors,  side-looking  radar,  and  the  unaided  eye  have  been  used  as  sensors.  The 
test  subjects  have  included  college  students.  United  States  Air  Force  Strategic  Air  Command  and 
Tactical  Air  Cormand  bombardier  navigators,  and  photo  interpreters. 

In  each  study  the  subjects  were  required  to  search  for  objects  of  types  specified  by  the  instruc¬ 
tions  as  being  military  targets.  Subjects  were  trained  to  nnd  and  recognize  images  that  were  or 
could  represent  targets.  Since,  in  many  of  the  studies,  subjects  were  looking  for  targets  whose 
location,  exact  appearance,  or  existence  were  unknown  or  uncertain,  a  major  part  of  their  task 
involved  pattern  recognition.  Careful  observation  of  test  behavior,  use  of  an  eye-movement 
camera  in  some  of  the  work,  post-test  interrogation,  and  data  analysis  led  to  numerous  findings 
that  have  Implications  for  target  recognition. 

The  present  paper  will  not  focus  upon  and  review  specific  reports,  for  they  were  not  directly 
aimed  at  pattern  recognition.  Also,  many  of  the  findings  particularly  relevant  to  pattern  recog¬ 
nition  were  not  covered  in  the  reports  and/or  were  incidental  findings.  Also,  several  investiga¬ 
tions  are  still  in  the  publication  process.  However,  all  results  are  from  studies  either  done 
by,  directed  by,  or  advised  by  the  author.  Although  countless  others  have  done  similar  work  hav¬ 
ing  numerous  implications  for  pattern  recognition,  the  scope  of  the  present  document  prohibits 
discussing  their  findings. 

IMPLICATIONS  FOR  PATTERN  RECOGNITION 

From  post-experimental  interrogation  of  test  subjects  and  from  the  experience  of  the  author  and 
his  co-workers  in  the  preparation  and  study  of  the  stimulus  material,  it  is  clear  that  detection 
and  recognition  often,  in  the  awareness  of  the  observer,  are  simultaneous  and  inseparable  events. 
In  such  cases,  one  does  not  first  become  aware  that  some  object  or  portion  of  an  image  is  a  tar¬ 
get  then  realize  what  type  of  target  Is  represented.  However,  in  some  cases  this  sequence  does  ' 
consciously  occur.  Since  an  observer  cannot  be  aware  of  some  of  his  own  information  processing 
activity,  it  does  not  follow  from  the  above  that  detection  and  recognition  are  sometimes  not  a 
two-step  process.  The  Important  point  is  that  it  may  be  foolhardy  to  assume  that  the  conventio¬ 
nal  breakdown  of  behavior  into  detection,  recognition,  and  identification  stages  or  phases  always 
represents.  In  the  organism,  separable  or  distinguishable  steps. 

In  some  studies  in  which  target  contrast  was  decreased,  within  limits,  detection  time  Increased. 
However,  when  viewing  time  limits  were  not  short,  there  was  often  little  or  no  effect  on  the 
probability  of  detection.  Partly  because  of  contextual  cues,  changes  in  image  resolution  some¬ 
times  had  similar  effects.  One  study  (Rhodes,  1964)  demonstrated  that  target  size,  picture 
sharpness  and  contrast,  picture  detail,  logical  restrictions  on  possible  target  location,  tarqet 
shape  and  pattern,  tarqet  location  and  target  isolation  were  all  determinants  in  the  target 
finding  behavior  of  test  subjects.  In  this  study,  observers  were  shown  a  cutout  of  the  target 
but  did  not  know  where  It  would  appear  In  the  scene.  In  another  somewhat  similar  study 
(Nygaard,  et  al,  1964)  that  used  artifically  ertedded  real  targets,  target-background  inter¬ 
actions  were  significant:  the  difficulty  of  finding  targets  depended  on  both  the  target  pattern 
and  the  background  pattern.  A  target  that  Is  easy  to  find  in  one  scene  may  be  difficult  in 
another  while  the  reverse  may  be  true  of  another  target  in  these  same  scenes. 

New  complications  appear  when  briefing  material  accurately  portrays  both  the  appearance  and  loca¬ 
tion  of  targets  on  a  display  or  in  a  scene.  In  this  case,  almost  all  subjects  found  almost  all 
targets.  In  fact,  even  targets  that  did  not  appear  on  the  display,  even  as  a  smudge  or  blob, 
were  by  operational  definitions,  consistently,  accurately,  and  quickly  located,  detected,  and 
recognized.  In  studies  with  such  precise  and  detailed  briefing  material,  image  scale,  image 
resolution  and  contrast,  display  size,  etc.  have  been  varied  with  little  or  no  variation  In  the 
performance  of  the  observer.  In  such  cases,  it  cannot  be  claimed  that  a  pattern  in  the  scene 
was  recognized.  The  point  is  that  when  some  knowledge  of  the  specific  target  is  available,  the 
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usual  minimum  requirements  for  image  quality  will  not  always  be  pertinent.  Here,  little,  if  any, 
of  tiie  variation  in  subject  performance  may  be  attributable  to  whatever  it  Is  that  the  experi¬ 
menter  is  varying. 

Expectation  can  have  further  effects.  Thus,  objects  in  unlikely,  though  genuine,  locations  in 
static  or  dynamic  scenes  were  often  difficult  to  find  or  went  undetected  even  though  the  dis¬ 
played  target  signature,  by  itself,  was  more  than  adequate  for  almost  Instant  recognition.  Thus, 
an  airfield  closely  surrounded  by  hills  in  a  scene  containing  mostly  flat  land  was  not  easily 
found:  observers  often  concentrated  on  the  flatland,  ignoring  the  hills. 

In  a  similar  vein,  in  moving  image  displays  with  target-available-times  of  up  to  a  minute  or 
more,  high  contrast  well  defined  targets  were  often  missed  due  to  concentration  of  search  upon 
what  appeared  to  be  a  ‘'richer'1  terrain,  in  this  case  a  city. 

In  all  of  these  cases,  context  was  very  important.  In  a  related  manner,  it  was  found  that  auto¬ 
mobiles  on  roads,  men  on  roads  or  standing  near  autos  were  easily  recognizable  despite  image 
patterns  (target  signatures)  that  were  Inadequately  resolved  in  detail  to  permit  recognition  out 
of  context,  i.e.,  at  other  locations  in  the  scene.  In  a  word,  context  can  make  otherwise  unrecog¬ 
nizable  patterns  readily  recognizable.  One  may  conclude  that,  in  some  cases,  required  Image 
resolution  and  contrast  is  that  which  is  adequate  for  the  appropriate  contextual  cues. 

Since  context  is  so  important,  forcing  subjects  to  utilize  any  systematic  search  pattern  prear¬ 
ranged  without  taking  into  account  scene  characteristics  will  be  inefficient  when  total  allowed 
viewing  time  is  short.  If  searchers  can  avoid  such  an  arbitrary  pattern  and  take  advantage  of 
the  "lay  of  the  land,"  they  will  do  so. 

Another  finding,  and  one  not  new  to  psychology,  was  that  vehicles  in  motion  relative  to  their 
background  were  often  readily  found  and  recognized,  despite  target  signatures  that,  in  terms  of 
resolved  image  detail,  were  completely  inadequate  when  not  moving.  Also,  for  example,  it  was 
found  that  an  elongated  upright  featureless  "blob"  moving  away  from  a  house  was  iirmediately  seen 
and  recognized  as  a  man.  Here,  motion,  context,  and  pattern  were  all  Important. 

In  several  of  our  studies,  nontarqets  were  frequently  mistaken  for  real  targets.  Sometimes  they 
even  outnumbered  real  targets.  Examination  of  the  images  of  these  spurious  targets  revealed  that 
many  really  did  look  like  tarqets:  it  was  not  imagination  and  invention  on  the  part  of  the 
observers.  The  false  positives  were  drastically  reduced  in  number  by  limiting  the  number  of 
allowed  target  choices,  or  by  counting  only  those  responses  for  which  subjects  expressed  high 
confidence,  or  by  providing  observers  with  a  priori  target  intelligence  (briefing). 

In  several  studies  by  our  group  in  which  small  scale  Images  (radar)  were  used,  image  motion  on 
the  display  was  varied  to  simulate  aircraft  speeds  of  from  a  few  hundred  knots  to  thousands  of 
knots.  Image  motion  rate  at  the  highest  simulated  speeds,  due  to  the  small  scale  of  the  images, 
allowed  several  seconds  of  viewing  time  for  all  areas  of  the  terrain.  Usually  the  decrease  in 
percentage  of  targets  detected  was  negligible  to  very  small  in  going  from  the  slowest  to  the 
fastest  speeds,  even  for  unbriefed  targets.  However,  there  was  usually  a  large  decrease  in  the 
nuntoer  of  false  positives. 

With  stationary  scenes,  a  similar  effect  was  found:  with  increasing  viewing  time  the  number  of 
new  targets  detected  per  unit  of  time  decreased  more  rapidly  than  did  the  number  of  false  posi¬ 
tives.  Another  study  (Bate,  et  al ,  1967)  had  results  that  also  were  consistent  with  little  or 
no  improvement  in  performance  with  increase  in  viewing  time.  This  study,  using  moving  scenes, 
allowed  subjects  to  stop  image  motion  temporarily,  but  this  was  found  not  to  improve  observer 
performance. 

The  point  being  made  is  that  under  some  circumstances  a  decrease  in  the  time  allowed  to  examine 
a  scene  for  certain  patterns  may  have  no  harmful  effect  on  pattern  recognition  performance,  and 
may  even  improve  it. 

This  result  draws  attention  to  a  problem  which  represents  a  dilemma.  The  pattern  recognition 
or  target  detection  performance  of  an  observer  can  be  measured  by  the  percentage  of  targets  de¬ 
tected  (completeness),  the  percentage  of  the  reported  detections  that  represent  real  targets 
(accuracy),  or  the  average  time  to  detect  targets  (detection  time).  A  high  score  or  rating  on 

anyone  criterion  can  usually  be  obtained  only  at  the  expense  of  low  scores  on  other  criterion 

measures.  Thus,  often  to  find  most  of  the  targets,  many  objects  that  do  not  look  much  like 
targets  must  be  designated  as  targets,  thereby  making  many  mistakes  and  obtaining  a  low  accuracy 
score.  One  must  also  take  an  appreciable  time  to  study  the  scene,  thereby  obtaining  a  long 

(poor)  average  detection  time  per  target.  Hence,  it  is  necessary  to  take  into  account  more  than 

one  performance  measure  and  to  assign  Importance  or  "weight"  by  the  significance  of  each  for 
reaching  specific  goals.  Often,  In  real  systems,  several  contradictory  performance  requirements 
make  compromises  or  trade-offs  necessary. 

SUHMATIOII 

1.  The  analysis  of  observing  behavior  into  separate  stages  of  detection  and  recognition  is 
probably,  in  many  cases,  misleading  If  one  Infers  that  it  always  happens  this  way. 

2.  Within  limits,  reduced  contrast  of  target  images  may  Increase  detection  time  with  little  or 
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no  effect  on  probability  of  detection.  Because  of  use  of  cues  from  the  image  context,  this  some¬ 
times  applies  to  resolution. 

3.  There  are  strong  target-background  Interactions  so  that  difficulty  of  detection  varies  not 
only  with  the  nature  of  the  target  pattern  and  the  nature  of  the  background,  but  also  with  rela¬ 
tionships  between  them. 

4.  When  briefing  is  thorough  and  accurate,  targets  that  do  not  appear  on  the  display  or  in  the 
scene  are  quickly  found  and  reported. 

5.  In  real  scenes,  "obvious"  targets  in  unlikely  locations  or  in  areas  containing  few  targets 
are  frequently  not  seen:  search  is  concentrated  on  more  likely  or  "richer"  terrain. 

6.  With  highly  likely  locations,  objects  poorly  resolved  and  of  low  contrast  are  often  easily 
recognized. 

7.  Men  or  vehicles  in  motion  are  often  readily  found  and  recognized  despite  target  signatures 
that  would  be  inadequate  were  they  not  moving. 

8.  Systematic  a  priori  search  patterns  used  when  search  time  is  limited  and  terrain  is  non- 
uniform  may  be  very  inefficient. 

9.  False  positives  pose  a  serious  problem  in  some  situations  and  the  several  methods  that  were 
tried,  while  drastically  reducing  their  number,  did  so  at  a  cost  in  percentage  of  targets  detec¬ 
ted. 


10.  Although  decreased  viewing  time  or  increased  rate  of  image  motion  may  impair  performance,  it 
does  not  always  do  so,  and  accuracy  can  improve  with  less  available  time. 

11.  Accuracy,  completeness  and  reaction  time  are  often  all  important  measures  of  performance, 
yet  the  type  of  behavior  required  to  do  well  on  any  one  of  them  often  lowers  performance  on  the 
others. 

CONCLUSIONS 

The  use  of  real  world  stimulus  material  has  uncovered  and  allowed  examination  of  numerous  vari¬ 
ables  that  Influence  pattern  recognition.  Some  were  expected,  some  probably  not.  In  any  case, 
it  Is  apparent  that  finding  objects  and  patterns  in  the  environment  via  either  direct  visual 
examination  or  by  the  use  of  a  system  of  sensor,  display  and  observer  is  an  extremely  complex 
enterprise.  Context,  target  motion,  target  and  background  characteristics  and  their  interaction, 
target  location  in  a  scene,  relationship  of  search  pattern  to  the  location  of  objects  in  the 
scene,  etc.  All  play  Important  roles  in  observer  performance.  Thus,  predicting  observer  per¬ 
formance  Is  extremely  difficult.  This  means  that  the  many  current  target  recognition  and/or 
detection  models  now  in  vogue  that  Include  only  resolution,  target  size  and  contrast,  average 
eye  fixation  time  and  a  few  other  simple  conventional  variables  cannot  avoid  being  exercises 
In  futility. 

When  and  if  more  adequate  models  are  devised,  we  will  still  have  the  problems  associated  with  a 
multiplicity  of  observer  performance  measures  that  impose  contradictory  restraints  upon  the 
behavior  of  the  observer. 
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SUMMARY 

This  paper  covers  the  development  of  armor  materials,  especially  reinforced  plastic-ceramic 
composite  armor,  for  protection  of  men  and  equipment  against  small  arms  fire  and  shell 
fragments-  Emphasis  is  placed  on  the  application  of  these  materials  to  aircraft,  particularly 
rotary  wing  aircraft.  Each  armor  component  is  identified  and  the  production  of  the  woven- 
roving  glass  fabric  laminate  and  its  assembly  into  the  composite  is  described. 

Since  the  main  purpose  of  body  armor  is  to  reduce  casualties,  the  basic  scope  of  a  battle 
casualty  survey  is  discussed  and  the  results  of  wound  ballistic  studies  are  reported.  The 
psychological  effects  of  the  use  of  body  armor  in  combat  are  also  described. 

Illustrations  of  current  applications  of  armor  for  helicopter  crewmen  and  helicopter  components 
in  Southeast  Asia  are  shown. 
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Af*Y  PROJECTILE  CAN  fcc  defta^ed  by  providing  «u  adequate  thickness  of  armor  material.  But  this 
adequate  thickness,  in  most  cases,  materially  increases  the  weight  which  must  he  carried  by 
the  human  being  or  the  mechanical  device  being  protected.  This  creates  a  very  real  addition 
to  the  human  energy  or  mechanical  horsepower  which  Is  required  to  obtain  desired  mobility. 

Thus,  reduction  in  weight  without  corresponding  loss  in  protection  is  the  driving  force  behind 
all  armor  development  programs. 

development  of  plastic -ceramic  composite  armor 

The  modern  history  of  lightweight  composite  armor  had  its  beginning  in  1945  when  experiments 
were  conducted  with  plate  glass  placed  in  front  of  and  in  contact  with  Doron,  the  U.S.  Army's 
name  for  a  newly  developed  reinforced  plastic  armor  effective  against  fragments  from  grenades 
and  mortar  shells.  The  resulting  combination  was  capable  of  stopping  caliber  .30  rifle  bullets 
and  weighed  much  less  than  conventional  steel  armor.  From  1955  on,  the  U.S.  Army  Laboratories 
sought  to  apply  such  composite  techniques  to  produce  lightweight  armor  vests  for  the  infantry 
soldier  for  protection  against  munitions  fragments.  Although  reinforced  plastic-ceramic  com¬ 
posites  were  also  studied  at  the  time,  their  effective  weight  exceeded  the  maximum  allowable 
weight  for  infantry  application. 

The  year  1963,  when  Goodyear  Tire  and  Rubber  Company  obtained  their  patents  on  Hard  Faced 
Ceramics,  marked  the  beginning  of  a  new  era  in  composite  armor  for  protection  against  small 
arms  fire.  Through  improved  ceramic  processing  techniques,  the  required  armor  weight  was  con¬ 
siderably  reduced  and  the  development  of  these  composite  armor  materials  is  Ptill  progressing 
in  the  direction  of  lower  weight.  The  war  in  Southeast  Asia,  with  the  extensive  use  of  heli¬ 
copters,  focused  attention  on  armor  for  the  protection  of  helicopters  and  their  crews  subjected 
tc  small  arrnb  fire  from  the  ground.  In  1964,  there  was  developed  the  first  practical  composite 
armor  for  providing  protection  against  caliber  .30  armor-piercing  projectiles  at  close  range. 

This  armor  consisted  of  an  aluminum  oxide  ceramic  material  as  the  front  component  and  a  Doron 

back  component.  Its  worth  in  Southeast  Asia  was  quickly  shown  in  providing  aircrew  armor, 

armor  for  pilot  seats,  and  as  protection  for  vulnerable  aircraft  components  in  U.S.  Array  aircraft. 

The  component  elements  of  this  plastic-ceramic  composite  armor  are  indicated  d ^grammatically 
in  Figure  1.  From  left  to  right,  facing  the  projectile,  are  the  spall  shield  or  cover,  the 
spall  shield  adhesive,  the  ceramic  facing  of  the  composite,  the  composite  adhesive,  and  the 
reinforced  plastic  backing. 

Spall  shields  for  aircrew  armor  consist  of  a  ballistic  type  nylon  fabric  cemented  to  the  ceramic. 
The  fvnction  of  these  spall  shields  is  to  localize  the  damage  to  the  ceramic  armor  component 
and  to  retain  the  ceramic  and  projectile  fragments  generated  by  the  impact  in  order  to  minimize 
the  possibility  of  injury  to  the  arms,  legs  or  face  of  the  wearer  or  nearby  personnel  and  of 
damage  to  nearby  equipment.  The  ceramic  facing  may  be  of  aluminum  oxide,  silicon  carbide  or 
boron  carbide.  Originally,  the  reinforced  plastic  used  was  Doron,  a  low  resin  content  laminate 
made  with  woven-glass  cloth  having  a  starch  finish  in  an  unsaturated  polyester -st>r-ne  resin. 

At  the  present  time,  a  23  to  24  oz/sq  yd  (approximately  8  centigrams  per  sq  cm)  starch-oil  or 
gelatinous  sized  glass  woven-roving  fabric  is  used  because  it  provides  more  effective  armor  and 
is  also  less  expensive. 

A  limited  quantity  of  composite  armor  has  been  made  with  an  aluminum  alloy  for  the  backing 
plate  instead  of  the  reinforced  plastic  and  all  armored  seats  for  the  UH-1  (Huey,  Iroquois)  and 
CH-54  (Sikorsky,  Sky  Crane)  are  of  this  configuration. 

The  adhesive  for  bonding  together  the  ceramic  and  the  reinforced  plastic  components  is  either 
a  two-part  solvent less  polyether -polyurethane  or  polysulfide,  or  a  more  complex  interlayer 
bonding  system  of  a  polyurethane  on  the  ceramic  and  an  epoxy  on  the  nylon  fabric  spall  shield. 

The  typical  damage  produced  by  bullet  impact  on  ceramic-plastic  armor  is  illustrated  with  air¬ 
crew  armor  torso  shields  in  Figure  2.  The  damage  is  reasonably  localized.  The  inner  circle, 
from  which  the  ceramic  is  completely  gone,  is  about  1  inch  in  diaraeter.  The  outer  circle  of 
fractured  but  still  adherent  ceramic  is  about  4  inches  in  diameter.  Individual  cracks  may 
extend  beyond  this  localized  area  depending  on  many  factors.  Including  armor  size,  shape,  and 
impact  location.  The  reinforced  plastic  backing  material  may  be  undamaged,  bulged  or  delaminated 
depending  upon  the  severity  of  the  ballistic  impact. 


Bl-2 


FABRICATION  OF  PLASTIC -CERAMIC  COMPOSITE 

The  main  operations  required  in  producing  this  composite  armor  are: 

1.  Production  of  the  ceramic  facing. 

2.  Production  of  the  reinforced  plastic  backing. 

3.  Bonding  of  the  backing  to  the  facing  (these  last  two  operations  may  be  performed 
s imultaneous ly) . 

4.  Bonding  the  spall  shield  to  the  facing  and,  if  required,  bonding  a  rubber- type  edging 
to  the  entire  armor  assembly. 

5.  Assembling  the  composite  armor  plate  into  the  fabric  garment  for  crewman  wear  or 
attaching  the  plate  to  the  aircraft. 

The  ceramic  facing  is  produced  by  a  variety  of  processes  depending  upon  its  composition. 

Aluminum  oxide  and  silicon  carbide  facings  are  made  by  cold-pressing  finely  ground  powder  and 
then  sintering.  Boron  carbide  facings  are  either  first  cold-pressed,  then  hot-pressed  oi  they 
can  be  hot-pressed  directly  from  powder.  These  facings  are  made  in  curved  shapes  for  aircrew 
armor  to  conform  to  body  contours,  as  shown  in  Figure  3. 

For  larger  armor,  required  to  protect  vital  aircraft  components,  flat  and  curved  tiles  are  made 
and  assembled  to  arrive  at  the  final  desired  configuration. 

The  woven-roven  glass  fabric  used  for  making  the  reinforced  plastic  backing  material  weighs 
about  24  ounces  per  square  yard  (approximately  8  centigrams  per  sq  cm)  and  has  a  starch-oil 
finish.  For  armor  purposes,  the  laminate  must  be  capable  of  delaminating  over  a  relatively 
large  area  centralized  around  the  point  of  projectile  impact.  Adhesion  between  the  glass  and 
the  resin  matrix  must  be  minimal  but  still  adequate  to  withstand  low-velocity  mechanical  (as 
opposed  to  ballistic)  damage.  For  this  reason,  resin  content  is  maintained  at  levels  much 
lower  than  the  usual  glass  reinforced  plastic.  Resin  content  is  about  25%  by  weight  of  the 
reinforced  plastic,  and  the  specific  gravity  of  the  laminate  is  about  2.0. 

The  bending  resin  is  an  unsaturated  polyester  with  not  more  than  30%  styrene.  Versions  now 
coming  into  use  substitute  diallyl  phthalate  for  a  portion  of  the  styrene.  The  laminate  is 
rated  as  self-extinguishing,  which  means  that  it  will  not  support  combustion  in  the  absence  of 
flame  from  another  source. 

The  glass  reinforced  plastic  backing  can  be  made  by  three  methods:  (i)  matched  metal  die 
molding,  (2)  autoclave  molding,  and  (3)  a  combined  one-step  molding  and  bonding  method  in  an 
autoclave.  Matched  metal  die  molding  uses  either  a  wet-layup  or  a  pre-preg  process.  Typical 
melding  conditions  are  a  mold  temperature  of  250  to  300°F  (120  to  150°C)  depending  upon  the 
resin  utilized,  molding  pressure  of  160  lbs/sq  inch  (11.25  kg/sq  cm)  and  molding  time  of  twenty 
minutes.  The  autoclave  method  uses  the  following  procedure:  a  vacuum  bag  for  either  wet  or 
dry  layup  and  then  autoclaving  under  a  pressure  of  100  psi  (7.03  kg/sq  cm)  at  an  autoclave 
temperature  of  300°F  (149°C)  for  thirty  minutes.  A  ceramic  facing  lined  with  a  separator  or 
coated  with  a  release  agent  is  used  as  the  mold.  The  combined  molding -and -bonding  method  is 
similar  except  that  the  ceramic  face  is  coated  with  the  bonding  medium,  and  no  separator  is 
required.  The  bonding  medium  consists  of  an  epoxy  film  adhesive  on  a  nylon  fabric  carrier  with 
or  without  a  polyurethane  coating  on  the  ceramic.  The  woven-roving  glass  reinforced  plastic 
ply  next  to  the  bonding  medium  is  dry  ply  and  sometimes  has  an  epoxy  finish  rather  than  the 
starch-oil  finish.  The  combined  method  is  gradually  superseding  the  separate  molding  and  bonding 
procedures,  not  only  because  of  the  savings  in  cost  and  time,  but  also  because  of  better  quality 
control . 

In  the  two-step  method,  the  reinforced  plastic  backing  must  have  its  bonding  surface  sanded  in 
addition  to  any  edge  finishing  that  may  be  necessary.  The  polysulfide  or  polyurethane  adhesive 
is  next  applied  and  the  facing  and  backing  parts  are  placed  together.  Ideal  mating  and  bonding 
of  the  two  parts  is  seldom  achieved;  voids  and  poorly  bonded  areas  are  often  present  and  the 
adhesive  thickness  may  be  0.030  inch  or  even  greater.  On  the  other  hand,  the  one-step  process 
yields  a  uniformly  bonded  product  with  a  very  thin  adhesive  layer  (in  the  order  of  0.005  inch). 

A  picture  of  this  reinforced  plastic  backing  is  shown  in  Figure  4.  The  finished  armor  is  either 
sewn  into  a  fabric  garment  so  that  it  can  be  worn  by  the  air crewmen,  or  is  Installed  in  the  air¬ 
craft  or  attached  to  the  vulnerable  aircraft  component  it  is  to  shield. 

PHYSIOLOGICAL  AND  PSYCHOLOGICAL  ASPECTS  OP  BODY  ARMDR 

In  the  assessment  of  any  type  of  armor,  it  is  necessary  to  consider  the  system  which  the  armor 
is  designed  to  protect.  In  the  case  of  body  armor,  the  system  is  of  course  the  human  body.  For 
many  years  the  United  States  has  conducted  studies  ot  battlefield  casualties. 
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The  ba*>ic  objective  of  all  battlefield  casualty  studies  is  to  analyze  the  effect  of  firearms  and 
their  projectiles  upon  human  tissue.  Modern  warfare  has  become  so  versatile  and  changes  in 
weapons  have  been  so  rapid  that  for  military  purposes  a  study  of  this  nature  must  be  conducted 
continuously,  not  only  in  every  theater  of  combat  operations,  but  also  in  the  laboratory,  using 
experimental  animals.  These  studies  must  extend  in  range  from  simple  missile  laceration  to  the 
complicated  effects  of  atomic  weapons  explosions  and  must  cover  the  period  from  the  first  medical 
care  in  a  battalion  aid  station  to  the  point  of  maximum  recovery  in  a  general  hospital.  As 
each  new  weapon  appears,  its  wounding  properties  must  be  carefully  evaluated.  This  involves 
close  liaison  with  ordnance;  identification  of  new  weapons  and  missiles;  knowledge  of  velocities, 
size,  shape  and  mass  of  missiles;  percentage  incidence  of  various  missiles;  and  the  percentage 
to  which  a  given  body  region  is  involved.  This  is  in  addition  to  the  proper  classification  of 
wounds.  These  studies  must  also  evaluate  the  method,  time,  and  distance  of  patient  evacuation 
in  relation  to  primary  wound  treatment,  wound  contamination,  and  all  the  other  variables  of 
wound  repair. 

A  field  wound  ballistics  study  ideally  includes  a  continuous  study  of  the  wound  from  the  time 
of  occurrence  until  the  time  of  maximum  repair  followed  by  a  study  of  the  functional  effects  of 
that  repair  and  the  various  adaptation  phenomena.  Therefore,  such  a  study  demands  the  cooper¬ 
ation  and  coordination  of  a  vertical  segment  of  medical  personnel  indoctrinated  in  this  ccmti- 
nuitv  of  wound  evaluation  so  that  sample-type  wounds  will  receive  standardized  observations  and 
photographic  recordings  at  critical  intervals  throughout  the  period  of  medical  evacuation  and 
hospitalization. 

The  following  are  examples  of  criteria  formulated  by  a  typical  survey  team  and  are  a  natural 
part  of  any  battle  casualty  survey  investigation: 

1.  Regional  frequency  of  wounds,  that  is,  number  of  times  a  particular  region  of  the  body 
is  involved  in  the  total  number  of  cases  studied. 

2.  Weapon  and  missile  identification  for  each  wound. 

3.  Type  of  wound,  distribution  and  frequency. 

4.  The  effect  of  wound  contamination  and  secondary  infection. 

Wound  ballistic  studies,  in  most  instances  including  photographs  and  X-rays,  were  made  on 
soldiers  from  all  of  the  United  States  divisions  in  frontline  action  in  the  Korean  conflict. 

Some  of  these  soldiers  were  wearing  armor  vests  made  of  twelve  plies  of  basket  weave  nylon 
weighing  thirteen  ounces  per  square  yard.  The  layers  of  nylon  were  triangularly  spot  bended 
together  and  covered  with  vinyl -coated  nylon  fabric  to  make  the  complete  vest.  The  purpose  of 
these  studies  was  to  assess  the  efficiency  of  this  type  of  body  armor. 

Table  I  shows  the  distribution  of  wounds  inflicted  on  casualties  who  were  not  wearing  the  pro¬ 
tective  vest,  and  Table  II  shows  the  distribution  of  wounds  inflicted  on  casualties  who  were 
equipped  with  the  felted  nylon  vests.  Note  that  the  percentage  of  head  wounds  and  neck  wounds 
is  almost  exactly  the  same  in  both  cases,  but  that  the  chest  wound  percentages  dropped  from 
11.3  percent  to  4.7  percent,  and  the  percentage  of  wounds  in  the  upper  part  of  the  back  dropped 
from  7.3  percent  to  4.0  percent.  Similarly,  abdominal  wounds  were  reduced  from  4.1  percent  to 
1.6  percent. 

Remember  that  these  studies  were  made  merely  on  all-nylon  vests  and  not  on  the  plastic -ceramic 
composite  armor  vests.  As  yet  there  have  been  insufficient  studies  to  obtain  statistically 
meaningful  results  with  the  composite  vests,  but  limited  experience  indicates  considerable 
improvements  over  the  all-nylon  vests,  as  would  be  expected. 

Medical  research  on  the  use  of  body  armor  would  be  incomplete  without  a  consideration  and  under¬ 
standing  of  the  psychological  effects  on  the  soldier  wearing  the  armor.  Some  of  the  most 
important  factors  to  be  considered  are  motivation,  the  effect  on  confidence,  the  effect  on 
aggressiveness,  the  effect  on  morale,  and  finally  the  acceptance  by  the  soldier. 

The  use  of  body  armor  is  motivated  by  one  of  the  more  powerful  impulses  in  our  psychological 
makeup,  i.e.,  the  desire  to  survive.  In  the  heat  of  actual  combat,  soldiers  have  later  reported 
that  they  rarely  notice  the  weight  and  bulkiness  of  the  armor  vests.  In  these  tense  periods 
it  seems  that  the  psychological  desire  for  protection  outweighs  the  physiological  deficit 
resulting  from  the  added  burden.  On  the  other  hand,  interviews  with  soldiers  returning  from 
patrols  which  had  no  fire  fights  or  skirmishes  with  the  enemy,  indicate  that  the  men  are  less 
disposed  to  wearing  body  armor  and  are  more  critical  of  its  weight  and  limitation  of  mobility. 

The  effect  of  body  armor  on  confidence  is  probably  best  expressed  in  the  results  of  the  post¬ 
use  interviews  where  over  85%  of  the  men  stated  that  they  felt  safer  and  more  confident  when 
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wearing  armor.  This  feeling  of  increased  safety  and  assurance  is  undoubtedly  of  paramount 
importance  in  explaining  the  widespread  acceptability  of  body  armor  in  combat,  particularly  In 
the  case  of  helicopter  crewmen. 

Interviews  with  comnanders,  who  have  led  croops  wearing  body  armor  in  combat ,  h»ve  repeatedly 
emphasized  that  aggressiveness  is  increased  and  that  there  is  more  of  a  desire  and  willingness 
to  engage  the  enemy  at  close  quarters.  Since  one  of  the  great  deterrents  to  aggressiveness  in 
combat  is  fear  of  being  wounded  or  killed,  it  would  seem  that  the  feeling  of  increased  safety 
and  confidence,  in  part  at  least,  accounts  for  the  increased  aggressiveness  noted  by  the  troop 
comnanders  . 

A  poll  of  front  line  physicians  and  surgeons  resulted  in  the  almost  unanimous  expression  of 
opinion  that  the  use  of  body  armor  results  in  an  increase  in  morale  among  combat  troops.  The 
measurement  of  morale  is  difficult  and  varies  with  many  factors  which  cannot  be  kept  constant 
while  other  unknown  factors  are  being  tested.  It  is  rational  to  conjecture,  however,  that  the 
morale  of  troops  would  be  elevated  as  long  as  they  possessed  an  item  which  would  diminish  their 
chances  of  being  wounded  or  killed. 

Under  certain  conditions,  the  effect  of  body  armor  on  morale  may  not  be  good.  For  example,  during 
the  last  month  of  a  recent  test  period  there  were  several  instances  where  helicopter  crewmen  who 
had  previously  used  body  armor  expressed  a  reluctance  to  their  flight  comnanders  to  go  on  flights 
when  body  armor  was  not  available.  These  instances  were  precipitated  by  the  fact  that  there  were 
not  enough  vests  to  go  around  or  that  the  items  had  been  moved  to  other  sectors  or  units  for  more 
favorable  testing.  In  any  situation  where  crewmen  had  previously  used  body  armor  and  for  some 
reason  it  became  limited  in  supply  or  not  available,  the  effect  on  morale  was  definitely  un¬ 
favorable.  This  limitation  in  supply  has  now  been  overcome  so  that  all  crewmen  are  now  provided 
with  armored  protection. 

APPLICATIONS  OF  PLASTIC -CERAMIC  COMPOSITE  ARMOR 

Two  kinds  of  helicopter -armor  applications  now  in  use  in  Vietnam  will  be  described: 

1.  Personnel  armor  worn  by  the  individual  air crewman. 

2.  Pilot  seats  and  also  panels  installed  on  aircraft  interior  walls  and  flooring  for  the 
protection  of  personnel. 

Personnel  armor  for  pilots  and  copilots  consists  of  front  and  back  torso  shields  although  the 
back  shield  is  not  worn  if  the  seat  back  is  armored.  Door  gunners  also  wear  this  armor.  This 
type  of  armor  is  shown  in  Figure  5. 

All  aircrewmen  operating  in  Vietnam  in  aircraft  subject  to  small  arms  fire  from  the  ground,  are 
now  equipped  with  such  armor,  which  was  adopted  as  standard  equipment  on  25  January  1968.  All 
armor  worn  by  aircrew  personnel  has  a  quick-release  feature  so  that  it  may  be  instantly  jetti¬ 
soned  in  an  emergency. 

Specially  designed  armored  seats  are  now  in  use  in  helicopters  such  as  the  UH-1  (Huey,  Iroquois), 
the  CH-54  (Sikorsky,  Sky  Crane),  the  AH-56  (Cheyenne)  and  the  AH-1G  (Cobra).  Armor  panel  inserts 
are  used  on  the  CH-47  (Chinook),  the  OH-13  (Bell,  Sioux),  the  OH-23  (Hiller,  Raven)  and  the 
0H-6A  (Hughes,  Cayuse)  as  well  as  on  certain  fixed-wing  reconnaissance  aircraft.  Most  of  the 
armored  seats  use  plastic-ceramic  composite  armor  added  to  the  seat  itself  or  to  nearby  bulk¬ 
heads  and  aircraft  structures  or  to  both.  Examples  of  thi9  type  of  installation  are  shown  in  the 
next  series  of  illustrations. 

The  first  one.  Figure  6,  shows  back  and  side  armor  constructed  of  three  plastic -ceramic  composite 
panels  fastened  together.  The  fourth  panel  (lower  part  of  picture)  for  the  underside  of  the 
seat  is  steel  armor. 

Figure  7  shows  this  armor  installed  in  the  0H-6A  (Hughes,  Cayuse)  aircraft. 

Figure  8  is  of  flat  plate  composite  armor  installed  under  the  seat  cushions  of  the  OH- 13 
(Bell,  Sioux)  aircraft. 

Figure  9  shows  composite  armor  added  to  the  seats  of  the  CH-47  (Chinook).  The  armor  Includes 
back  and  bottom  panels  as  well  as  panels  on  the  sides.  A  headguard  is  attached  to  the  outboard 
side  of  each  seat. 

The  UH-1  (Huey,  Iroquois)  seat  shown  in  Figure  10  was  the  first  of  this  type  and  was  first 
delivered  in  1965.  Protection  is  provided  from  the  bottom,  back  and  sides. 
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Figure  11  shows  an  integrated  armor  seat  for  the  AH-1G  (Cobra).  This  differs  from  the  UH-1 
(Huey,  Iroquois)  seat  in  that  the  armor  is  both  the  seat  and  the  load  bearing  structure  rather 
than  a  seat  hung  on  a  metal  supporting  frame.  The  back  and  bottom  are  one  piece  and  the  two 
side  panels  are  attached. 

The  seat,  as  shown  in  Figure  12  is  supported  with  aluminum  pads.  The  seat  can  withstand  a  crash 
load  condition  of  18  g's  for  the  combined  weight  of  the  seat  and  occupant. 

The  next  group  of  illustrations  show  armor  installations  for  U.S.  Air  Force  aircraft. 

The  first  one.  Figure  13  shows  armor  locations  on  the  C-130  cargo  aircraft.  Ten  armored  seats, 
most  with  floor  and  side  armor,  are  indicated.  The  armor  systems  fabricated  on  the  first 
procurement  for  C-130  aircraft,  represent  the  greatest  quantity  yet  made  under  one  contract. 

Two  hundred  ten  thousand  (210,000)  pounds  of  reinforced  plastic  were  used. 

Figure  14  shows  the  pilot’s,  copilot’s,  and  flight  engineer’s  seat  and  une  top  part  or  the 
navigator’s  seat. 

Figure  15  shows  one  of  these  seats  with  seat  cushions,  and  Figure  16  with  seat  cushions  removed, 
gives  you  a  better  picture  of  the  armor  components. 

Figure  17  shows  a  cargo -mas ter ’ s  seat,  and  Figure  18  is  a  picture  of  armor  for  flare  boxes. 

This  armor  is  designed  not  to  stop  a  projectile  completely  but  to  reduce  their  energy  suffi¬ 
ciently  to  prevent  the  flares  from  being  activated. 

Figures  19  and  20  show  armor  for  protection  of  the  fuel  control  system  on  the  0H-6A  (Hughes, 
Cayuse)  helicopter. 

The  armor  on  the  older  aircraft  operating  in  Vietnam  has  been  installed  as  a  retrofit,  but  the 
new  models,  such  as  the  AH-1G  (Cobra)  and  the  AH- 56  (Cheyenne)  had  integral  armor  systems  as 
part  of  their  configuration  throughout  concept  formulation. 

Work  on  producing  lighter,  more  effective  armor  for  protection  of  aircrews  and  aircraft  is  a 
continuing  effort  which  we  cannot  afford  to  diminish. 


TaUe  I.  REGIONAL  DISTRIBUTION  OF  1.474  WOUNDS  IN 
908  W-A  CASUALTIES  NOT  WEARING  BODY  ARMOR 


Body  Region 

Number  of 
Wounds 

Percent  of 
Total  Wounds 

F;ad 

208 

14  1 

Neck 

48 

3  2 

Chest 

167 

II  3 

Back 

Upper  Part 

1  1  1 

7  5 

Lower  Part 

103 

7  0 

Abdomen 

60 

4  1 

Extremity 

Upper 

359 

24  4 

Lower 

906 

27  7 

Gen  itai  >a 

10 

0  7 

TOTA 

L  1  .474 

100.0 

Table  II.  REGIONAL  DISTRIBUTION  OF  850  WOUNDS  IN 
552  WIA  CASUALTIES  WEARING  BODY  ARMOR 


Body  Region 

Number  of 
Wounds 

Percent  of 
Total  Wounds 

Head 

121 

14  2 

Neck 

23 

2  7 

Che.t 

40 

4  7 

Back 

Upper  Part 

34 

4  0 

Lower  Part 

78 

9  2 

Abdomen 

14 

1  6 

Extremity 

Upper 

241 

28  4 

Lower 

294 

34.6 

Genitalia 

5 

06 

TOTAL  850 

100.0 
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Fig. 1  Plastic-ceramic  composite  armor  (expanded  view).  United  States  Army 


Fig. 2  Composite  armor  damage  produced  by  ballistic  impact  of  aircrew  armor  torso 

shields.  United  States  Army 


Fig. 3  Experimental  torso  shield  -  ceramic  components  (left  -  alumina:  right  -  silicon 

carbide).  United  States  Army 


Fig. 4  Experimental  torso  shield  - 
reinforced  plastic  component. 
United  States  Army 


.6  Armor  panels  for  0H-6A  (Cayuse) 
seats.  United  States  Army 


Fig. 5  Aircrew  torso  armor. 
United  States  Army 


Fig. 7  Armor  installed  on  0H-6A  (Cayuse) 
seat.  United  States  Army 
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Pig. 8  Armor  panels  on  OH-13  (Bell  Sioux)  seats.  United  States  A^my 


Pig.  9  Armored  seat1*  fnilo*  end  rnpUot)  for  CH-47  (Chinook).  United  States  Army 
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Fig. 10  UH-1  (Iroquois)  armor  seat. 
United  States  Army 


Fig. 11  AM-16  (Cobra)  armor  seat 

(front  view).  United  States  Army 


rig . 12  AM- 16  (Cobra)  armor  seat 
(back  view).  United  States  Army 


Fig. 18  Armored  flare  boxes.  United  States  Army 
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Fig.  19  Armor  cover  for  OH-6  fuel  control.  United  States  Army 


Armor  cover  installed  over  OH-6  fuel  control.  United  States  Army 


SAFETY  IMPLICATIONS  OF  AIRCREW  ARMOR 
AND  ALLIED  PERSONAL  EQUIPMENT 
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SUMMARY 

Various  items  of  aircrew  armor  are  described.  Safety  implications  and  misadventures  that 
have  occurred  in  their  use  are  noted.  Suggestions  are  given  for  prevention  of  such  occurrences. 
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VERY  SHORTLY  AFTER  armies  started  using  aircraft  in  warfare,  prudent  and  intelligent  airmen  real¬ 
ized  that  some  form  of  armor  protection  against  hostile  missiles  was  desirable.  Historically, 
this  realization  is  arrived  at  with  each  stage  of  warfare,  whether  on  foot,  on  horse,  or  on  heli¬ 
copter.  Unfortunately,  the  protection  afforded  is  always  associated  with  drawbacks.  The  Roman 
warrior  had  to  develop  calluses  and  expend  extra  energy  to  carry  his  shield  and  body  armor.  The 
mounted  knight  was  helpless  if  unhorsed,  and  was  frequently  sorely  bruised  and  chafed  by  day  to 
day  wear.  Certain  disadvantages  persist  in  present  day  aircrew  armor.  Of  course,  most  of  the 
protective  devices  now  in  use  have  been  developed  during  the  Vietnam  conflict  with  the  accompanying 
huge  expansion  of  the  United  States  Army  airmobility.  Time  was  limited,  but  the  need  for  protective 
equipment  was  urgent.  Experience  is  providing  valuable  lessons,  and  improvements  in  existing  armor 
surely  will  be  forthcoming.  Let's  look  at  some  now  in  use: 

THE  CHEST  PROTECTOR 

This  is  perhaps  the  most  effective  item  of  personal  armor  in  use.  It  is  composed  of  a  rigid 
ceramic-metal  composite  plate  held  in  position  by  a  cloth  carrier.  The  carrier  has  an  external 
pocket  in  front  which  may  be  used  to  carry  a  survival  kit,  but  which  most  frequently  contains 
notebooks,  cigarettes,  and  morphine  syrettes.  Depending  on  size  worn  and  moisture  absorbed  by 
the  carrier,  the  armor  and  carrier  weigh  approximately  12-14  pounds  for  the  front  plate  alone  or 
approximately  25  pounds  if  both  front  and  back  plates  are  worn.  Hie  pilot  and  copilot  of  most  of 
our  helicopters  do  not  wear  the  back  plates,  as  they  are  adequately  protected  by  the  armored  seats. 
The  crewchief  and  gunner,  who  frequently  must  stand  and  walk  about  while  firing  machine  guns  or 
performing  their  other  duties,  usually  wear  both.  Some  of  the  difficulties  encountered  with  this 
device  are: 

WEIGHT — The  weight  of  the  armor  contributes  to  fatigue.  If  the  carrier  is  not  tightened  well 
about  the  lower  chest,  the  weight  pulls  down  excessively  on  the  shoulders. 

HEAT-- If  the  carrier  is  well  tightened,  heat  stress  is  increased  because  of  the  close  approxi¬ 
mation  of  the  impervious  armor  plate  in  its  heavy  cloth  carrier  to  large  actively  sweating  areas. 
Certain  of  our  aircraft  have  netting  seats  to  allow  air  circulation  to  reach  the  back  for  cooling. 
One  even  has  a  forced  air  blower  to  cool  the  back.  The  effectiveness  of  these  devices  is  greatly 
reduced,  of  course,  by  the  wearing  of  armor.  All  these  things  contribute  to  physical  fatigue  and 
irritation.  But  until  lighter  weight  materials  can  be  fabricated  for  the  body  armor — and  there 
already  have  been  some  applications  of  this — a  certain  amount  of  bulkiness  must  be  accepted. 

Added  weight  and  discomfort,  are  being  exchanged  for  at  least  partial  protection  of  the  Army  airmen. 

QUICK  REIXASE — The  armor  recently  has  been  provided  with  a  quick  release.  This  may  well 
overcome  difficulties  experienced  in  a  forced  or  crash  landing  where  the  armor's  weight  has  been  a 
detriment  to  rapid  egress  and  escape.  In  the  event  of  an  unplanned  water  landing  or  crash,  the 
weight  has,  in  several  cases,  proven  fatal.  In  these  cases,  individuals  wearing  armor  have  been 
seen  to  surface,  apparently  unhurt,  only  to  subsequently  drown.  Others  in  the  same  or  similar 
crashes  have  told  of  difficulties  in  doffing  the  device. 

FLOTATION  DIFFICULTIES--Presently  available  flotation  devices  are  only  marginally  able  to 
support  a  clothed,  booted  aviator  with  his  personal  sidearm,  knife,  and  survival  kit  when  an 
additional  burden  of  armor  is  added.  Besides  this,  the  possibility  of  using  the  armor  and  flota¬ 
tion  gear  in  conjunction  with  each  other  was  not  considered  during  the  design  stages.  If  the 
flotation  gear  is  worn  inside  the  armor,  it  is  difficult  to  actuate  inflation,  and  there  is  little 
space  in  which  to  inflate.  If  worn  outside,  over  the  bulk  of  the  armor,  it  is  susceptible  to 
damage  and  to  hanging  up  on  controls,  exits,  etc.  Worn  external  to  the  armor,  it  effectively 
prohibits  doffing  of  the  armor. 

SPALLING- -Another  characteristic  of  the  armor  is  that  spalling  is  seen  when  the  plate  is  struck 
by  a  missile.  This  spall  contributes  to  secondary  injuries,  particularly  to  the  face  and  eyes. 

In  an  attempt  to  contain  this  spall,  members  of  many  units  wear  the  Korean  War  vintage  nylon 
fragmentation  protective  vest  (usually  referred  to  as  the  "flak  vest")  over  the  armor  plate  or 
plates.  This  configuration  further  compounds  the  bulkiness  problem,  of  course,  and  makes  doffing 
the  armor  in  the  water  well  nigh  impossible. 

PARACHUTING- -Our  helicopter  crewmen  in  RVN  do  not  wear  parachutes,  so  parachute  problems  for 
them  have  not  arisen.  Certain  of  our  fixed  wing  crewmembers  do  wear  parachutes,  however,  and  some 
of  them  also  wear  armor.  In  most  cases,  they  wear  only  the  nylon  vest.  We  have  received  no 
reports  of  anyone  attempting  to  parachute  while  wearing  the  armor  plates.  In  view  of  what  we  know 
about  the  behavior  of  the  armor  in  crashes  and  from  certain  preliminary  tests  run  by  US  Army 
developmental  agencies,  it  is  believed  that  serious  or  fatal  injuries  would  result  from  the 
attempt,  so  we  urge  aviators  not  to  try  it.  Hie  parachute  harness  does  not  fit  securely  over  the 
plates,  which  tend  to  flail  around  and  upward  with  the  parachute  opening  shock. 

EJECTION- -Crewmen  who  ride  in  ejection-seat-equipped  aircraft  do  not  wear  the  chest  protectors, 
since  cockpit  armor  provides  s^e  ballistic  protection. 

CRASH  INJURIES — Thus  far,  injuries  that  have  been  attributed  to  the  chest  protectors  (usually 
called  "chicken  plates"  by  the  Army,  and  "hero  boards"  for  some  reason,  by  the  USAF)  have  been 
confined  to  detached  or  loose  teeth,  bloody  noses  and  lips,  one  possible  broken  jaw,  and  heavy 
bruises  to  the  upper  thighs.  It  is  possible  that  more  serious  or  fatal  injuries  to  the  larynx  and 
trachea  have  occurred  in  more  severe  crashes  and  have  not  been  reported  or  have  been  masked  by 
postcrash  burning.  Injuries  have  been  rare  when  the  carrier  has  been  properly  sized  and  tightened. 

A  loosely  secured  plate  tends  to  ride  up  or  down  and  cause  some  injury. 

WEAR  WITHOUT  CARRIERS — Some  individuals  have,  because  of  the  heat  of  the  carrier  or  because  of 
fear  of  water  landings,  resorted  to  balancing  the  chest  plate  on  their  laps  underneath  the  shoulder 
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scraps.  These  individuals  are  confronted  in  a  crash  situadon  by  a  large,  heavy,  very  rigid 
missile  within  the  confines  of  the  cabin,  which  has  caused  severe  injuries. 

BURNS — Ihe  nylon  fragmentation  vest  has  been  implicated  as  contributing  greatly  to  the 
severity  of  bums  in  some  postcrash  fires. 

MAN-MACHINE  INTERFERENCE--Finally ,  in  at  least  two  instances,  helicopter  crewmen  with  large 
chests  have  found  that  with  their  seats  in  the  usual  position,  they  could  not  move  the  controls 
fully  back  because  of  the  added  bulk  of  the  armor.  In  fixed  wing  aircraft  when  a  parachute  is 
placed  behind  the  pilot,  the  seat  must  be  moved  back  in  most  cases  so  that  full  control  movements 
can  be  attained. 

UNEXPECTED  BENEFITS — The  subject  of  chest  protectors  should  not  be  left  without  mentioning 
two  good  things  that  are  accomplished  by  the  armor  besides  stopping  or  slowing  missiles:  The 
nylon  vest  (flak  vest)  has  been  found  to  be  a  good  supplemental  flotation  aid  because  of  its 
construction  (multiple  layers  of  nylon  encased  in  a  plastic  bag),  and  the  chest  plate  is  known  to 
have  absorbed  and  spread  the  impact  of  collision  with  controls  or  instrument  panels,  to  the  point 
that  injury  was  markedly  reduced  in  some  crashes. 

GROIN  PROTECTORS 

These  are  made  of  multiple  layers  of  nylon  in  a  manner  similar  to  the  flak  vest.  They  are, 
perhaps  unwisely,  little  worn  by  crewmembers.  The  first  ones  furnished  had  no  means  of  fastening 
in  place  so  that  they  threatened  to  slip  down  to  the  knees  if  one  dared  stand  up  or  walk  while 
wearing  the  device.  They  rode  up,  exposing  the  groin  while  sitting.  They  are  principally  used 
either  for  sitting  upon  (where  they  probably  do  little  good  except  psychologically)  or  for  placing 
in  the  chin  bubble  of  the  helicopter  where,  again,  they  do  not  slow  or  stop  small  arms  fire 
effectively,  but  are  valued  psychologically. 

HELMETS 

The  so-called  "ballistic"  helmet  is  not  designed  to  defeat  bullets.  It  has  the  capability  of 
defeating  low  velocity  fragments  and  secondary  missiles  roughly  equivalent  to  that  of  the  WW  II 
M-l  steel  helmet.  It  resembles  the  APH-5  helmet  in  general  appearance  and  retention  provisions. 

It  is  something  more  than  a  pound  heavier  than  the  APH-5,  depending  on  the  size.  Consequently,  it 
is  more  uncomfortable  for  long  term  wear  and  is  more  inclined  to  be  lost  during  the  crash  sequence, 
thereby  exposing  its  erstwhile  wearer  to  injury.  Like  its  predecessors,  it  is  likely  to  cut  the 
nose  as  it  rotates  forward  off  the  head.  The  boom  microphone,  though  superior  to  older  models, 
has  caused  cheek  injuries.  Because  of  fitting  and  finishing  problems,  it  has  endangered  flight  by 
causing  sweat  to  drip  into  the  eyes.  In  not  a  few  cases,  excess  glue  has  also  melted  and  run  down 
into  the  eyes. 

SUPERIOR  VISOR — The  visor  in  this  helmet  is,  however,  of  an  improved  polycarbonate  material 
which  is  both  fl.-me  resistant  and  shatter  resistant.  Several  instances  have  been  cited  where  faces 
and  eyes  were  protected  from  fire  and  from  shattered  plexiglas  and  spall  by  the  visor.  Because  of 
this  excellent  record,  pilots  have  been  ordered  to  fly  with  visors  down  at  all  times.  Since 
flights  take  place  at  dawn,  dusk,  and  night,  as  well  as  during  full  day,  this  means  that  most 
individuals  must  keep  the  clear  visor  inserted  in  the  helmet  and  do  not  have  the  additional  pro¬ 
tection  of  a  tinted  visor  against  the  glare  of  daytime  flying.  The  webbing  and  lacing  of  the 
retention  straps  are  made  of  nylon.  This  has  contributed  to  the  severity  of  burns  in  some  cases. 

LEG  ARMOR 

Various  models  of  leg  armor  were  sent  to  Vietnam  for  evaluation.  To  date,  none  has  been  found 
acceptable  because  of  bulk,  weight,  and  Impedance  to  the  helicopter  crewmembers  in  their  actions. 

No  requirement  for  this  item  has  been  stated  by  airmen  in  Vietnam  as  of  this  time. 

SEAT  ARMOR,  INCLUDING  SIDE  PANELS 

Much  good  and  little  bad  can  be  attributed  to  these  devices.  There  have  been  difficulties  in 
egress  because  of  the  jamming  or  inaccessibility  of  releases  for  the  outboard  side  panels.  These 
must  be  slid  back  to  allow  egress  by  the  pilot  and  copilot  of  the  UH-1.  Because  of  this,  unless 
the  gunner  or  crewchief  can  come  forward  to  slide  the  panels  back  from  the  outside,  the  usual 
pllot/copllot  route  of  escape  is  backward,  over  the  center  console,  and  out  one  of  the  cargo  doors 
unless  the  canopy  happens  to  be  conveniently  missing.  Occasional  injuries  are  Incurred  by  striking 
the  sides  of  the  armor  during  a  crash. 

POSSIBLE  SOLUTIONS 

Engineers,  scientists,  medical  personnel,  and  other  technical  experts  of  the  United  States 
Army  Materiel  Command,  The  Surgeon  General's  office,  and  other  military  agencies  constantly  are 
checking  aircrews,  getting  their  reactions  and  seeking  ways  to  improve  protective  equipment.  Most 
of  the  drawbacks  and  bad  features  noted  are  already  being  worked  on:  The  side  panels  on  the 
armored  seats  are  being  fitted  with  improved  releases.  The  chest  protector  carrier  is  being 
lightened  and,  in  some  cases,  made  of  netting  to  allow  ventilation.  Qilck  releases  for  the  armor 
plates  were  suggested  and  have  been  Incorporated.  Newer  models  of  the  armor  plate  will  Incorporate 
an  antlspalllng  layer  (to  reduce  the  problem  of  spall)  so  that  the  nylon  flak  vest  will  be 
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unnecessary.  The  US  Navy,  at  least,  is  modifying  their  new  llfevest,  which  already  offers  quite 
superior  flotation  capability,  to  be  even  more  compatible  with  armor  wear.  Modification,  including 
contour  change  and  padding,  is  being  evaluated  to  minimize  the  injury  potential  of  the  chest  plate 
to  neck,  chin,  and  thighs.  For  fire  protection,  many  of  the  cloth  components  are  being  or  will  be 
made  of  fire  retardant  materials.  A  new  helmet  with  greatly  increased  comfort,  coolness,  and  light 
weight  is  scheduled  to  be  adopted  shortly. 

The  problems  for  the  would-be  armor-wearing  parachutist  or  ejectee  are  not  yet  solved, 
however.  In  view  of  the  limited  time  and  space  available  to  him  to  prepare  to  exit,  it  is  doubtful 
that  a  satisfactory  solution  will  be  found  for  personally  worn  armor.  Instead,  it  appears  that 
protection  will  have  to  be  provided  by  the  aircraft  itself,  such  as  is  now  done  in  the  OV-1  Mohawk. 
This  is,  of  course,  the  desirable  courae  to  forestall  most  of  the  problems  noted  thus  far.  It  is 
discouraging  to  note  that  an  experimental  seat-mounted  front  protective  armor  was  removed  after  a 
very  short  trial  in  one  type  of  helicopter.  Some  individuals  disliked  having  to  reach  through  or 
around  the  device  to  manipulate  the  controls.  It  is  felt  that  these  individuals  did  not  give  the 
device  or  themselves  sufficient  time  for  evaluation. 

Many  more  improvements  are  being  studied  and  planned  by  a  wide  range  of  Army  agencies  and 
conmands.  They,  no  doubt,  will  produce  better  protection  for  pilots  and  aircrewmen.  Increasing 
ei-phasis  is  being  given  to  problems  associated  with  the  interactions  among  the  equipment,  the 
aircraft,  and  the  man. 
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The  aircrew  armor  to  be  described  was  developed  as  a  rapid  response  to  a  combat  problem 
which  had  been  identified  by  the  Surgeon  of  the  Seventh  Air  Force.  The  problem  was  that 
UC-123  aircraft  flying  low  level  missions  were  sustaining  small  arms  hits.  Aircrewmen  in 
these  aircraft  were  receiving  wounds  from  secondary  missiles  produced  from  the  aircraft's 
plastic  canopy  and  aluminum  skin.  Although  they  were  wearing  flak  vests  of  various  types, 
there  was  an  urgent  need  for  additional  body  protection,  especially  in  the  neck  area.  Special 
armor  was  developed  and  sent  to  Southeast  Asia. 

Pilot  attitudes  toward  wearing  armor  and  user  evaluations  of  the  new  armor  were  studied 
in  35  aircrewmen.  In  Interviews  and  questionnaires,  the  past  experience  of  pilots  flying 
forward  air  control  aircraft  and  aircrewmen  assigned  to  the  "Ranch  Hand"  Squadron  (12  ACS) 
in  Vietnam  was  evaluated.  The  study  included  evaluations  in  UC-123,  0-1,  U-10,  and  A1E 
aircraft.  Eighty  percent  of  the  aircrewmen  interviewed  had  recent  combat  experience  in 
Vietnam.  This  highly  experienced  group  averaged  11.8  years  of  service  and  10.7  years  of 
flying  experience.  Collectively,  the  group  had  flown  8,775  combat  missions  and 
accumulated  13,660  combat  hours.  The  study  reports  that  USAF  pilots  want  the  best  armor 
available  but  felt  that  the  present  body  armor  was  only  fair  and  improvements  are  needed. 
Primary  criticisms  were  restriction  of  body  movements,  lack  of  protection  from  small  arms 
fire,  and  the  incompatibility  of  the  present  armor  with  other  personal  and  aircraft  equipment. 
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THE  SUCCESSFUL  DEVELOPMENT  of  a  weapon  system  is  usually  followed  by  the  appearance  of 
defensive  countermeasures.  To  ward  off  blows  from  axes,  spears,  swords  and  daggers,  the 
foot  soldier  of  antiquity  bore  a  shield  of  animal  skin  or  wood.  The  Roman  leather  tunic  was 
an  effective  battle  garment  for  its  day.  The  leather-stripped  skirt  provided  additional  protection 
for  the  wearer's  groin  and  thighs.  As  weapons  Improved  so  did  the  technology  of  protective  body 
armor.  In  recent  years  new  concepts  and  new  tactics  have  been  developed  which  require  aircraft 
originally  designed  for  operation  at  higher  altitudes  to  operate  at  very  low  altitudes  or  on  the  deck. 
One  such  case  is  the  "Ranch  Hand”  defoliation  missions  presently  being  flown  in  Vietnam. 

Fairchild  C-123  transport  aircraft  have  been  modified  to  include  spray  bars  under  each  wing  and 
at  the  rear  fuselage  and  are  used  extensively  in  South  Vietnam  to  defoliate  Viet  Cong  jungle  areas. 
Non-toxic  defoliant  enhances  visibility  in  jungle  areas  by  80%  within  two  weeks  during  the  dry 
season.  The  C-123  aircraft  were  originally  designed  to  haul  cargo  and  operate  from  short  runways. 
They  normally  operate  below  14,000  feet  (usually  around  6000-8000  feet)  at  150  knots  true  airspeed 
(172  mph).  On  the  defoliation  missions  they  fly  at  100  feet  altitudes  and  at  200  mph.  Because  of 
the  requirement  to  deliver  the  defoliant  from  low  levels,  these  aircraft  are  in  a  small  arms  fire 
environment. 

THE  PROBLEM 

The  C-123,  like  many  other  aircraft  in  use  today,  was  designed  when  it  was  vogue  to  fly  fast  and 
high  so  that  protection  against  small  arms  fire  was  not  needed.  Emphasis  was  on  performance 
(especially  range) ,  altitude,  speed,  and  countermeasures.  Anything  that  degraded  aircraft 
performance,  like  dead  weight  armor,  was  regarded  with  suspicion  if  not  disdain.  When  these 
aircraft  got  to  Vietnam  and  new  concepts  and  tactics  were  developed,  they  began  flying  daily  in 
the  small  arms  ground  fire  environment  and  sustaining  a  substantial  number  of  hits  from  small  arms 
fire.  Not  unexpectedly,  the  modus  operandi  of  failing  to  provide  for  armor  during  the  design  led 
to  other  problems  in  protecting  the  aircrewman,  such  as  insufficient  space  and  prohibitive  weight 
to  provide  the  needed  protection  by  retrofitting  the  aircraft. 

This  was  precisely  the  problem  confronting  the  UC-123  defoliation  aircrews  in  Vietnam  who  were 
now  flying  in  a  hostile  environment.  The  aircraft  was  being  hit  almost  daily  by  small  arms  fire 
and  in  numerous  instances  primary  and  secondary  hits  were  sustained  by  the  aircrew.  In  the 
winter  of  1966,  the  12th  Air  Commando  Squadron  in  Vietnam  requested  that  immediate  action  be 
undertaken  by  the  research  and  development  community  to  provide  protection  to  their  crews . 

OPERATIONS  ANALYSIS 

In  response  to  this  request,  the  Aerospace  Medical  Division,  working  with  the  United  States  Army 
Natick  Laboratories,  initiated  a  quick-fix  effort.  As  much  information  as  possible  was  obtained  on 
the  defoliation  missions  of  the  C-123's.  An  analysis  was  undertaken  to  provide  information  on  the 
requirement. 

The  needs  for  aircrew  body  armor  differ  from  those  of  the  other  services  because  such  protective 
garments  must  be  wom  in  a  cramped  and  uncomfortable  environment  and  armor  must  be  designed  on 
the  basis  of  an  operations  analysis  of  specific  types  of  mission.  To  define  the  problem,  seven 
basic  considerations  were  evaluated: 

a.  Crew  position  for  Job  function,  movement,  and  protection  requirements. 

b.  Flight  regime.  High  or  low  level ? 

c.  Mission  type. 

d.  Caliber  and  hits  being  sustained. 

e.  Angle  of  obliquity. 

f.  Mission  range  requirements . 

g.  Tactics  used  and  contemplated . 
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When  the  analysis  was  completed,  it  was  concluded  that  the  primary  threat  was  7.62  caliber 
armor-piercing  bullets.  The  UC-123  aircraft  design  was  studied  and  the  aircrew's  position  in 
the  aircraft  time  over  the  target  area  was  determined  to  be  about  6  to  10  minutes.  From  hit 
analysis  it  was  evident  that  the  front  torso  area,  the  neck,  and  the  sides  of  the  pilot  were  the 
most  vulnerable.  A  few  of  the  crewmembers  had  been  able  to  obtain  World  War  II  flak  vests 
and  Korean  War  vintage  infantry  armor  (see  Figure  1).  These  offered  only  very  limited  protection 
to  defeat  primary  and  secondary  missiles  being  encountered.  In  addition  to  direct  hits  from  small 
arms,  crews  were  sustaining  injuries  from  ricocheting  bullets  and  secondary  missiles  such  as 
aluminum  aircraft  skin  and  plexiglass  windscreen  fragments  and  other  aircraft  parts.  Several 
crewmembers  had  received  hits  in  the  neck  area  and  at  least  one  pilot  had  been  fatally  wounded 
by  a  projectile  penetrating  the  neck . 

DESIGN  CHARACTERISTICS 

Based  upon  a  mission  analysis  of  the  UC-123  aircraft  and  the  delivery  techniques,  these  design 
characteristics  were  determined: 

Optimum  design  for  donning  and  doffing .  The  time  from  takeoff  to  the  target  area  ranged  from 
1  to  1-1/2  hours.  During  this  time  the  aircraft  was  able  to  fly  above  the  range  of  the  small  arms 
fire.  Because  of  the  safe  enroute  flight,  it  was  decided  to  design  a  vest  that  could  be  donned  in 
the  aircraft  prior  to  arrival  over  the  target  area.  A  vest  designed  to  open  and  close  on  one  side 
best  met  this  need. 

Maximum  area  coverage  for  the  neck.  Because  of  the  reported  number  of  secondary  missile 
hits  in  the  neck  area  of  the  aircrews,  it  was  essential  that  maximum  protection  be  afforded  this 
area.  If  possible,  it  was  desired  tc  protect  the  neck  from  the  sternum  to  the  pilot's  helmet, 

Maximum  area  coverage.  The  pilots  of  these  aircraft  sit  in  an  armored  seat  that  provides 
protection  from  directly  below  and  behind  the  pilot.  Because  a  direct  frontal  hit  could  be 
received  from  below  and  immediately  in  front  of  the  pilot  it  was  desired  to  provide  maximum 
protection  to  the  front  torso  area . 

Regional  distribution.  Shown  below  is  the  regional  distribution  of  wounded  and  killed  in  Korea. 
It  can  be  seen  that  by  protecting  39%  of  the  body  area,  89%  of  the  lethal  wounds  would  be  pre¬ 
vented.  The  task  of  the  aircrew  armor  designer  is  not  to  cover  the  entire  body  with  protective 
materials  —  this  would  restrict  mobility  --  but  to  select  those  areas  which  need  maximum 
protection  for  the  hazard  and  provide  it. 

REGIONAL  DISTRIBUTION  OF  WOUNDS  IN  MEN 
WOUNDED  AND  KILLED  IN  ACTION 
(Infantrymen  -  Korea) 

(Without  Armor) 


Disabling 

Lethal 

Head 

14.4% 

40.0% 

Neck 

3.0% 

3.0% 

Thorax 

19.0% 

37.2% 

Abdomen 

11.0% 

9.2% 

Upper  Extremities 

25.6% 

2.0% 

Lower  Extremities 

27.0% 

8.5% 

S  =  USANL  TR  67-40 

Figure  2 

Design  concept.  The  design  concept  for  the  UC-123  aircrew  armor  was  to  provide  maximum 
protection  to  the  vital  body  organs  with  lesser  protection  to  the  peripheral  areas  or  non-vital  organs. 
Wound  ballistic  data  was  used  to  substantiate  the  relative  vulnerability  of  vital  areas  of  the 
thoracic  and  abdominal  cavities  which  Include  the  heart,  great  blood  vessels,  lungs,  kidneys, 
spleen  and  spinal  column. 
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Quick  release  for  rapid  doffing.  Parachutes  are  not  worn  with  the  vests,  but  are  available  on 
the  aircraft.  If  an  aircraft  is  hi*  and  is  able  to  attain  a  higher  altitude,  the  armor  vest  must  be 
rapidly  doffed  and  inflight  egress  accomplished  via  a  parachute.  If  a  crash  landing  is  made, 
emergency  ground  egress  needs  to  be  accomplished  in  a  minimum  time  and  rapid  removal  of  the 
vest  is  indicated  in  this  situation.  It  was,  therefore,  decided  that  it  should  be  possible  to  get 
the  vest  off  in  3  to  5  seconds. 

Mobility  and  weight.  Mobility  is  a  criterion  that  is  equal  in  importance  to  protection  for  the 
aircrewmen.  If  the  pilot  cannot  reach  all  the  necessary  controls  and  perform  all  the  normal  motions 
of  piloting  the  aircraft,  safety  is  compromised  and  serious  consequences  will  result.  It  was 
initially  felt  that  an  absolute  minimum  weight  was  the  most  important  criterion  and,  therefore, 

20  pounds  or  less  was  established  as  a  design  criteria.  It  was  desired  to  meet  comfort  require¬ 
ments  by  designing  for  optimum  weight  distribution.  Lastly,  the  vest  had  to  be  compatible  with 
the  other  life  support  equipment  of  the  pilot. 

With  the  mission  analysis  completed  and  the  design  characteristics  specified,  an  effort  was 
initiated  with  the  United  States  Army  Natick  Laboratories,  Natick,  Massachusetts.  This  laboratory 
is  the  focal  point  for  the  Army  in  personnel  armor  protection.  There  are  numerous  materials  and 
combination  of  materials  that  provide  various  degrees  of  protection.  This  table  shows  that  in  the 
present  state-of-the-art,  protection  is  a  function  of  weight.  To  provide  small  arms  protection  for 
.465  meter  at  6  to  7  psf  areal  density,  the  weight  of  the  garment  would  be  over  135  Kg.  On  the 
other  hand,  intermediate  fragmentation  protection  can  be  provided  for  .465  meter^  with  about  5.4  Kg 
of  armor  protective  materials.  The  task  of  the  armor  designer  is  to  determine  the  optimum  materials 
based  upon  the  pilot's  tasks  to  complete  the  mission  and  the  particular  hazards. 

Ballistic  testing.  I  will  just  briefly  comment  on  ballistic  testing.  Armor  ballistic  determination 
methods  and  evaluation  criteria  vary  in  the  United  States  with  the  service.  However,  the  problem 
is  basically  the  same  —  defeat  the  projectile.  The  Air  Force  follows  the  criteria  of  the  United 
States  Army  which  is  statistical  in  that  they  shoot  their  armor  a  number  of  times  and  compute  a  V50. 
This  V50  number  is  the  velocity  in  feet  per  second,  above  which  there  is  the  same  likelihood  of 
penetration  as  below.  Vq  Is  where  all  projectiles  are  stopped  while  Vjqo  is  where  no  projectiles 
are  stopped.  The  projectile  for  tests  is  a  17-grain  fragment.  When  these  velocities  are  discussed 
in  feet  per  second  they  refer  to  a  17-grain  fragment  fired  at  110  meters  at  0°  obliquity. 

First  prototype.  In  less  than  30  days  after  the  requirement  was  received  the  first  prototypes 
were  fabricated  by  the  Natick  Laboratories .  Shown  in  Figure  3  is  the  first  prototype .  Protection 
provided  to  the  front  torso  area  is  7.62  caliber  armor  piercing  at  0°  obliquity  at  110  meters  range. 
The  shoulders,  sides,  lower  torso  and  back  provide  fragmentation  protection  for  approximately 
335.3  meters  per  second  for  17-graln  fragments.  The  neck  area  provides  fragmentation  protection 
for  350.6  meters  per  second  for  17 -grain  fragments.  The  chest  area  is  protected  for  810  meters 
per  second.  The  vest  provides  the  front  torso  protection  by  using  a  bullet-proof  rigid  chest  plate 
which  is  made  from  a  hard  faced  ceramic  fiberglass  composite  structure.  The  peripheral  areas  are 
protected  by  ballistic  nylon  felt  and  layers  of  ballistic  nylon  woven  material.  The  neck  area  has 
ballistic  felt  enclosed  by  three  plies  of  ballistic  nylon  cloth  encased  in  a  lightweight  nylon  cover. 
The  weight  of  the  vest  varies  f'-om  7.2  Kg  to  9.0  Kg  dependent  upon  size. 

7  2 

Chest  plate.  The  ceramic-fiberglass  composite  weighs  between  .56  meter  and  .84  meter  . 
Tests  have  proved  that  this  composite  can  defeat  7.62  caliber  armor-piercing  projectiles  fired  at 
point  blank  range.  The  extremely  hard  ceramic  shell  shatters  the  projectile  and  absorbs  most  of  its 
kinetic  energy.  The  resulting  fragments  are  captured  by  a  relatively  soft  fiberglass  backing  which 
also  absorbs  the  remaining  energy.  After  initial  operational  tests  of  six  prototypes  in  Vietnam, 
minor  design  changes  were  made  and  a  second  group  of  prototype  vests  were  operationally  tested 
on  actual  missions  (see  Figure  4). 

TEST  AND  EVALUATION 

During  the  time  the  prototypes  were  being  tested,  a  request  was  received  from  the  training  group  for 
forward  air  controllers  to  evaluate  the  new  armor.  These  pilots  fly  the  0-1  and  0-2  aircraft  at 
relatively  low  altitudes  to  assist  strike  aircraft  locate  targets.  At  times  it  is  necessary  for  them  to 
fly  in  the  small  arms  fire  environment.  Because  of  the  interest  of  the  FAC  pilots,  the  UC-123 
prototype  vests  were  provided  them  for  evaluation. 

During  August  and  September  1967,  the  Aerospace  Medical  Division  conducted  a  study  of  pilot 
evaluations  of  existing  aircrew  armor  and  the  newly  developed  UC-123  armor.  Utilizing  interviews 
and  questionnaires,  the  past  experience  of  18  pilots  flying  forward  air  control  aircraft  and  17 
aircrewmen  assigned  to  the  "Ranch  Hand"  Squadron  in  Vietnam  was  evaluated.  The  study  included 
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evaluations  in  UC-123,  0-1  and  0-2  aircraft.  Thirty-one  of  the  35  aircrewmen  interviewed  had 
recent  combat  experience  in  Vietnam.  The  forward  air  control  evaluations  were  conducted  by  the 
members  of  the  4409th  Combat  Crew  Training  Squadron  at  Eglin  AFB,  Florida.  The  evaluations  con¬ 
ducted  by  the  "Ranch  Hand"  Squadron  were  accomplished  by  the  12th  Air  Commando  Squadron  in 
Vietnam.  This  highly  experienced  group  averaged  11.8  years  of  service  and  10.7  years  flight 
experience.  Collectively,  the  group  had  flown  8,775  combat  missions  and  accumulated  13,660 
combat  hours . 

In  most  cases  the  body  armor  that  was  available  to  pilots  in  Southeast  Asia  was  the  World  War  II 
or  Korean  circa  body  armor.  Figure  5  shows  the  attitude  of  pilots  towards  protective  garments. 

The  difference  between  the  operational  situation  of  the  UC-123  crews  and  the  FAC  crews  should  be 
noted.  At  the  time  of  the  evaluations,  the  UC-123  crews  were  flying  daily  combat  missions  in 
Southeast  Asia  while  the  forward  air  control  pilots  had  returned  and  had  been  back  in  the  United 
States  from  a  period  of  three  months  to  two  years.  When  a  pilot  is  being  shot  at  daily,  he  is  very 
anxious  to  have  all  the  armor  protection  he  can  get.  The  summary  of  most  of  the  aircrew  evaluations 
is  that  they  want  the  best  protection  available,  but  they  feel  that  the  presently  available  infantry 
armor  has  several  disadvantages  and  needs  improvement. 

AIRCREW  EVALUATIONS 


What  do  you  think  of  the  body  armor  which  is  presently  in  use? 


UC-123 

FAC 

It  is  fair. 

54% 

33% 

It  is  poor. 

36% 

9% 

It  is  good  although  some  improvements 
are  needed. 

12% 

41% 

One  would  be  safer  without  armor. 

0% 

17% 

It  does  a  good  job  just  as  it  is. 

0% 

0% 

Figure  5 

Figure  6  shows  the  general  attitudes  toward  armor  which  were  available.  The  armor  evaluated  was 
not  designed  specifically  for  aircrews,  of  course.  Both  groups  felt  that  improvement  is  needed. 
About  90%  of  the  UC-123  pilots  rated  the  available  armor  as  fair  to  poor,  primarily  because  the 
armor  did  no.  provide  sufficient  protection  and  coverage  to  the  portions  of  the  torso. 

AIRCREW  EVALUATIONS 

In  general,  how  do  you  feel  about  wearing  body  armor  on  combat  flights? 


UC-123 

FAC 

I  like  the  protection  and  always  want 
to  wear  the  best  armor  available. 

90% 

25% 

Present  body  armor  protection  is  desir¬ 
able  even  though  it  is  heavy,  gets  in 
the  way,  and  makes  it  hard  to  do  your  job. 

,  10% 

‘  35% 

The  advantages  and  disadvantages  of 
wearing  body  armor  are  about  equal. 

0% 

20% 

The  interference  with  operating  efficiency 
outweighs  the  value  of  the  protection 
furnished  by  body  armor. 

0% 

15% 

Body  armor  is  so  heavy  and  clumsy  that 
one  Is  safer  without  it. 

0% 

5% 

Figure  6 
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Specific  criticisms  were  grouped  into  these  categories  (Figure  7  ).  All  pilots  indicated  that  the 
available  armor  partially  restricts  their  ability  to  fly  the  aircraft  and  in  some  instances  pilots 
stated  it  was  unsafe  for  aircraft  operation.  A  majority  of  the  FAC  pilots  complained  that  they 
could  not  reach  down  in  front  of  them  to  operate  switches  located  below  the  height  of  the  seat. 

Both  the  UC-123  and  the  FAC  missions  fly  within  the  small  arms  environment.  The  present  study- 
brought  out  the  fact  that  previously  designed  armor  is  not  entirely  compatible  with  other  life 
support  equipment  such  as  survival  gear  and  parachute,  and,  in  some  cases,  the  seat  itseli. 

One  last  point,  the  weight  of  the  armor  was,  in  all  evaluations,  the  least  criticized  item.  It 
was  never  listed  as  a  specific  criticism  by  the  Ranch  Hand  pilots  .  This  is  in  contrast  to  the 
ground  soldier  who  must  wear  the  armor  throughout  the  day  and  where  weight  is  a  prime  consideration. 

AIRCREW  EVALUATIONS 

Criticisms  (in  broad  categories)  of  present  armor: 


UC-123 

FAC 

Restricts  body  movement 

58% 

857 

Does  not  provide  small  arms 
protection 

90  7= 

70  7 

Cannot  reach  some  of  the 
controls 

6  2, 

5  5  7= 

Not  compatible  with  other 
equipment 

25% 

60% 

Too  hot  and  uncomfortable 

20% 

65% 

Too  heavy 

0% 

6% 

Figure  7 

The  pilots  were  asked  to  identify  the  body  areas  they  wanted  protected  most.  Figure  8  shows 
their  listing.  The  probable  reason  for  the  UC-123  pilots  listing  the  "head  and  neck"  area  as 
Number  1  is  that  their  squadron  had  been  experiencing  a  significant  number  of  face  and  neck 
injuries  from  flying  plexiglass  and  other  secondary  missiles  such  as  aircraft  skin  and  parts  of 
the  aircraft.  One  lesson  learned  on  this  study  was  that  if  the  seat  is  not  armored  the  pilot  will 
sit  on  the  first  set  of  body  armor  and  thus  require  two  sets  for  protection. 

AIRCREW  EVALUATIONS 

What  body  areas  do  you  want  protected  most? 

UC-123  FAC 


Head  and  neck  1  2 

Chest  2  1 

Abdomen  (belly)  3  3 

Groin  (crotch)  4  4 

Upper  legs  5  5 

Lower  legs  6  6 

Figure  8 


Having  discussed  pilot  attitudes  toward  body  armor  in  general  and  presenting  their  evaluations  of 
the  presently  available  armor,  certain  basic  differences  between  the  armor  requirements  for  the 
soldier  and  the  alrcrewman  should  be  mentioned  (Figure  9  ).  The  differences  are  Important  in 
establishing  design  criteria  for  new  armor  developments. 
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"Mobility"  for  the  alrcrewman  is  the  non-interference  of  armor  with  the  reach  of  the  pilot  and  the 
lateral,  vertical  and  forward  movements  required  to  adjust  controls  and  search  for  ground  or  air 
targets.  The  front  torso  plate  for  some  pilots  almost  precludes  reaching  some  controls  in  the 
small  forward  air  control  aircraft.  Obviously,  armor  developed  for  one  specific  aircraft  and 
mission  is  not  always  suited  for  others.  An  absolute  minimum  of  weight  is  not  as  important  for 
the  pilot  as  it  is  to  the  ground  troops  who  must  bear  the  entire  weight  of  the  garment.  The  pilot 
is  normally  in  a  sitting  position  on  a  mission  of  less  than  two  hours  duration  and  normally  over  a 
target  only  a  few  minutes.  It  is  often  possible  to  don  the  vest  just  before  reaching  the  target  area 
and  remove  it  after  leaving,  thus  necessitating  only  a  few  minutes  rather  than  hours  of  wear. 

Further  design  differences  are  that  the  soldier  needs  to  don  the  armor  garment  rapidly  while  the 
pilot  wants  the  capability  to  rapidly  doff  the  garment.  As  to  configuration,  aircrew  armor  should 
be  designed  for  specific  aircraft  and  the  mobility  requirements  for  the  particular  mission. 

AIRCREW  EVALUATIONS 

Differences  between  body  armor  requirements  for  aircrewmen  and  soldiers: 

Pilot  Soldier 


Mobility 


Maximum  to  reach 
controls . 

Weight 

Moderate  to  perform 
combat  duties . 

Less  important,  short 
missions,  sitting. 

Be  as  lightweight  as 
possible. 

Donning  and  Doffing 


Rapid  doffing . 


Rapid  donning . 


Configuration 


Design  for  aircraft  Versatile  to  accommodate 

missions.  many  operational  tasks . 


Figure  9 

Figure  10  shows  the  differences  between  evaluations  in  aircrews  flying  the  different  types  of  air¬ 
craft  and  missions.  The  UC-123  is  a  medium-size  aircraft  where  the  pilots  can  don  the  armor 
vest  in-flight.  Ninety  percent  of  the  FAC  pilots  indicated  that  they  would  need  to  put  on  their 
armor  prior  to  takeoff.  Also,  of  Importance  is  the  fact  that  55%  of  the  FAC  pilots  could  not 
comfortably  reach  some  of  the  aircraft  controls  when  wearing  the  armor. 

AIRCREW  EVALUATIONS 

If  you  are  going  to  wear  chest  or  chest  and  back  armor  on  a  mission, 
when  will  you  put  U  on? 


UC-123 

FAC 

On  the  ground  before  entering  the  aircraft 

11% 

78% 

In-flight  prior  to  expected  enemy  contact 

66% 

11% 

In  the  aircraft  before  takeoff 

23% 

11% 

In  the  aircraft  Just  after  takeoff 

0% 

0% 

Inflight  after  enemy  contact 

0% 

0% 

i 

L 


Figure  10 
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Presented  below  Is  an  evaluation  of  how  long  the  pilots  felt  they  could  satisfactorily  perform  their 
Job  while  wearing  a  20-pound  armor  vest  with  a  six-inch  fragmentation  collar.  Since  most  missions 
are  less  than  two  hours  in  duration,  weight  presents  little  problem  to  the  pilot  if  the  weight  of  the 
garment  is  properly  distributed . 


AIRCREW  EVALUATIONS 

How  long  do  you  think  you  can  wear  the  torso  front-neck  fragmentation 
protection  armor  and  perform  your  job  satisfactorily? 


UC-123 

FAC 

Two  hours 

30% 

61% 

Four  hours 

12% 

22% 

One-half  hour 

12% 

22% 

Six  hours  or  more 

23% 

11% 

One  hour 

23% 

5% 

Figure  11 

The  UC-123  aircrew  armor  is  a  specialized  development  specifically  tailored  for  the  defoliation 
crews  in  Southeast  Asia.  Its  development  was  based  upon  a  specific  request  to  provide  protection 
in  the  neck  area  and  peripheral  torso  area  to  defeat  secondary  missiles.  The  requirement  was 
specific  and,  as  can  be  seen  below,  the  additional  protection  was  felt  to  be  a  "very  desirable" 
feature  by  89%  of  the  using  squadron's  aircrewmen.  Below  is  the  evaluation  of  this  garment. 

AIRCREW  EVALUATIONS 

Considering  all  factors,  how  do  you  feel  about  the  protective  collar 
on  the  torso  front-neck  fragmentation  protection  armor? 


UC-123 

Very  desirable  feature 

89% 

Desirable  feature 

11% 

Undesirable  feature 

0% 

Figure  12 

Shown  below  is  a  summary  of  the  characteristics  the  pilots  felt  should  be  incorporated  into  the 
future  design  of  aircrew  armor.  Air  Force  aircrewmen  operating  at  lew  levels  want  and  need  armor 
protection  from  small  arms  fire.  Body  armor  needs  to  be  designed  for  compatibility  with  the 
various  aircraft  and  the  life  support  equipment  worn  by  the  aircrewmen.  It  is  important  that  the 
design  and  materials  selected  are  able  to  be  used  in  a  manner  which  promotes  articulation, 
flexibility,  and  mobility.  Low  weight  and  low  bulk  are  less  important  than  the  above 
characteristics . 


1 


X 
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DESIRED  CHARACTERISTICS 

1.  Maximum  ballistic  protectior  feasible  for  small  arms  fire  and  fragmentation  ordinance. 

2.  Armor  not  a  source  of  secondary  fragmentation. 

3.  Compatible  with  or  integrated  into  other  life  support  equipment. 

4.  Flash  and  flame  resistant. 

5.  Optimum  degree  of  flexible  response  by  the  pilot  engaged  in  the  operation  of  the  aircraft. 

6.  Be  non-magnetic  so  as  not  to  impair  aircraft  instruments. 

7  .  Be  easily  donned  and  doffed  by  the  aircrewmen. 

8.  Materials  should  be  non-toxic  and  non-irritating  and  should  not  cause  serious 
complications  to  wounds . 


Figure  13 

One  final  note  on  the  high  acceptance  by  the  UC-123  defoliation  squadron.  On  16  June  1968, 
Major  J.  W.  Gentry  was  flying  on  a  low  level  defoliation  mission  over  South  Vietnam  when  a 
bullet  from  an  AK-47  penetrated  the  aircraft  from  below  and  directly  in  front  of  Major  Gentry. 
The  bullet  struck  the  ceramic  plate  and  then  the  collar  of  the  vest.  Upon  landing  the  aircraft, 
the  projectile  was  found  caught  in  the  collar  of  the  vest.  Although  this  pilot  sustained  a  badly 
bruised  neck,  his  life  was  undoubtedly  saved  by  the  armor  and  he  is  still  flying  daily  with  his 
defoliation  squadron. 
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Figure  1  -  World  War  II  Flak  Vest.  Figure  3  -  First  Prototype. 
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Figure  4  -  Second  Prototype. 
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HISTORIQUE  DE  LA  QUESTION  EN  FRANCE 


Ce  n'est  pas  pour  donner  un  certain  sentiment  de  securite  aux  combattants  que  les 
Etats-Majors  Frangais  ont  d5te  les  troupes  de  protections  corporelles  individuellesi 

Des  statistiques  Internationales  effectuees  tant  apris  la  guerre  de  1914-1918 
qu'apres  celle  de  1939-1945  donnent  globalement  la  repartition  suivante  des  blessures 
4  la  tSte,  aux  membres  et  au  tronc: 

-  blessur«  a  la  tete  t  5%  des  blesses, 

-  blessures  aux  membres  i  22%  des  blesses, 

-  blessures  au  tronc  :  75%  des  blesses. 

O'une  maniire  generals,  on  peut  meme  penser  que  les  blessures  4  la  tSte  et  au  tronc 
entralnent  la  mise  hors  combat  definitive. 

Notons  egalement  que  cette  statistique  rend  surtout  compte  de  la  repartition  des 
blessures  chez  les  Fantassins. 

Ainsi,  la  tradition  mill6naire  des  protections  individuelles  survit-elle  a  nos  jours, 
et,  en  1953  l'Inspection  Technique  de  l'Habillement  etait  chargee  de  l'etude  et  de  la 
realisation  d'un  gilet  pare-balles. 

Paralieiament,  cette  protection  du  tronc  des  equipages  naviguant  (pilotes  et 
navigateurs)  etait  completes  par  des  slips  et  baquets  pare-balle,  dont  les  caracteristiques 
etaient  donnees  par  le  commissariat  de  l'Air. 

Les  slips  etaient  en  tissu  polyamide  et  munis  de  plaquettes  polyester  ajustees  les  unes 
pres  des  autres  pour  une  bonne  adaptation  aux  individus. 

Le  baquet  comportait  un  fond  rigide,  et  ses  cStes  comportaient  egalement  des  plaquettes 
de  polyester. 

Malheureuseoent,  dfes  les  premieres  experimentations,  il  s'est  avere  que  ce  materiel 
etait  totalement  inadapte.  11  restreignait  la  liberte  de  manoeuvre  du  personnel,  et 
procurait  une  g%ne  considerable  apr^s  un  certain  temps  d 'utilisation.  Ce  qui  fait  que 
ce  genre  de  protection  a  rapidement  ete  abandonee  et  r emplace  par  un  blindage  des  habitacles. 

Le  gilet  de  protection  pare-balles  a,  au  contraire,  ete  largement  utilise.  Deux  types 
differents  de  materiels  ont  ete  etudiesi 

-  Un  type  de  gilet  constitue  d'un  matelas  de  plusieurs  epaisseurs  de 
tissus  synthetiques  relies  entre  eux  par  un  materiau  plastique; 

-  Un  type  de  gilet  constitue  de  plusieurs  epaisseurs  de  tissus 
synthetiques  formant  des  alveoles  pouvant  contenir  des  plaques  soit 
en  metal  soit  en  verre  stratifie. 

Le  gilet  constitue  d'un  matelas  de  plusieurs  epaisseurs  reliees  entre  elles  par  un 
materiau  plastique,  une  colls,  s'est  reveie  d'une  tree  grande  efficacite  contra  les  corps 
tranchants  anisrfs  d'une  faible  vitesse  comma  par  exemple  certains  eclats;  mais  cette 
protection  etait  pratiqu ament  nulls  devant  les  projectiles  rapids s  tels  que  les  balles. 

Le  gilet  constitue  de  plusieurs  epaisseurs  de  tissus  synthetiques  formant  des 
alveoles  pouvant  contenir  des  plaquettes  de  protection,  a  ete  experimente  initialement 
avec  des  plaquettss  t 

a)  -  en  acier  au  manganese, 

b)  -  en  tillage  de  titans, 

c)  -  en  stratifie  verre  polyester. 


see 
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Les  plaquettes  en  acier  au  manganese  ont  donne  satisfaction,  mais,  pour  des 
performances  tres  comparables  a  celles  obtenues  avec  des  materiaux  synthetiques,  le  poids 
etait  prohibitif. 

Les  plaquettes  realisees  en  alliage  de  titans  n'ont  egalement  pas  tte  retenues  car 
l'alliage  de  titane  elabore  a  cette  epoque  presentait  une  resilience  insuf fisante. 

Seules  les  plaquettes  en  stratifit  verre  polyester  ont  tte  retenues. 

DESCRIPTION  DU  GILET  PARE-BALLE 


Deux  types  de  gilet  pare-balle  ont  ete  realises;  ils  different  entre  eux  uniquement 
par  leur  forme,  le  principe  de  protection  ttant  identique  dans  les  deux  cas. 

Le  premier  type  est  dit  "forme  veste",  et  le  second  "forme  chasuble". 

Nous  decrirons  le  gilet  "forme  chasuble". 

Le  gilet  est  destine  a  protiger  la  partie  superieure  du  c^-ps.  II  affecte  la  forme 
d'une  chasuble  sans  manche;  il  s'enfile  par  une  ouverture  formant  encolure,  destinee  au 
passage  de  la  tete. 

II  est  constitue  d'un  devant  et  d'un  dos,  reunis  entre  eux  par  une  partie  double  en 
tissus  de  nylon,  formant  une  ipauliire  de  14  centimetres  environ  de  developpement.  Cette 
epauliere  est  renforcee  par  quatre  feuilles  de  nylon  haute  tenacite  solidaires  entre 
elles. 

La  protection  est  assuree  sur  le  devant  et  sur  le  dos  du  corps  par  des  plaquettes 
galbees,  carries,  en  plastique  stratifit. 

Cette  protection  se  presente  corame  une  carapace  d'ecailles,  se  recouvrant  de  la 
gauche  vers  la  droite  dans  le  sens  horizontal;  les  rangees  horizontales,  independantes 
les  unes  des  autres  se  recouvrent  du  haut  vers  le  bas. 

Cette  disposition  en  ecailles  est  assuree  grSce  a  des  alveoles  dans  lesquelles  sont 
glissees  les  plaquettes.  Ces  alveoles  comportent  2  volets  latiraux  en  tissus  elastiques  de 
40  millimetres  de  largeur  et  permettent  un  eventuel  remplacement  des  plaquettes. 

L'ensemble  de  la  cuirasse  est  enfermee  dans  une  enveloppe  en  tissus  nylon,  d'un  poids 
approximatif  de  250  grammes  au  mitre  carri,  fermie  sur  trois  cBtes  et  renforcee  inte- 
rieurement  par  une  sangle  en  tissus  de  lin,  de  20  millimetres  de  largeur,  sur  laquelle 
sont  fixes  des  boutons  pressions  permettant  la  fermeture  de  l'enveloppe. 

Le  gilet  comporte  un  nombre  total  de  32  plaquettes. 

-  Sur  le  devant,  14  plaquettes  disposies  de  haut  en  bas: 

-  2  rangies  horizontales  de  3, 

-  2  rangees  horizontales  de  4. 

-  Sur  le  dos  du  gilet,  18  plaquettes  disposies  de  haut  en  bast 

-  2  rangees  horizontales  de  3, 

-  2  rangees  horizontales  de  6. 

Sur  la  partie  avant  du  gilet,  au-dessous  du  bord  infirieur  de  la  dernlire  ranges  de 
plaquettes  i  50  millimetres  du  11 sere t ,  le  gilet  est  prolong^  par  une  plaque  ventrale 
appelle  bavette  de  protection. 

Cette  bavette  est  constitute  d’une  enveloppe  tissus  de  nylon  dans  laquelle  est 
inserts  un  sMtelas  de  13  tpaisseurs  de  nylon  haute  ttnacitt. 

Le  plaquage  du  gilet  sur  le  corps  est  assurt  au  moyen  d'une  ceinture  de  serrage, 
fixte  sur  l'enveloppe  exttrieure  du  dos,  fermte  par  une  boucle  sur  la  partie  ventrale. 
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Une  fois  en  place  et  ajuste,  les  bords  lateraux  du  devant  du  gilet  recouvrent  les 
bords  lateraux  du  dos f  et  les  emmanchures  doivent  etre  suff isamment  echancrees  pour  ne 
pas  blesser  et  permettre  tous  les  mouvements  du  bras. 

Enfin  ce  gilet  comporte  2  poches  de  poitrine. 

Equipe  et  fini,  le  gilet  de  protection  pese  en  moyenne  5,400  kgs. 

LES  PLAQUETTES  DE  PROTECTION 

Les  plaquettes  de  protection  sont  en  materiaux  composite  a  matiere  organique,  resine 
polyester  r enforces  de  tissus  de  verre.  Les  plaquettes  sont  constituees  par  3  plis  (ou 
3  couches)  de  tissus  de  verre.  Ces  plaquettes  de  130  millimetres  de  cdte,  sont  galb4es 
dans  un  sens*  la  flfcche  maximum  est  de  10  millimetres.  Les  bords  sont  arrondis  a  un 
rayon  de  8  millimetres.  L'epaisseur  des  plaques  est  de  4  millimetres.  Le  poids  moyen 
est  de  125  grammes  avec  une  tolerance  de  +  5  -  8  millimetres. 

Les  caracteristiques  auxquelles  les  contrdles  de  reception  attachent  de  l'importance 
sont  les  suivantes: 

-  le  poids, 

-  la  prise  d'humidite  ou  augmentation  de  poids  apres  immersion, 

-  la  perforation, 

-  les  dimensions  et  la  finition. 

La  prise  d'humidite  est  importante,  en  effet,  l'eau  dont  s'impreigne  le  materiau 
composite  modifie  les  liaisons  matrices  renforcement,  ce  qui  entralne  en  general  un 
delaminage  plus  rapide  du  materiau  soumis  a  1 'impact  d'une  Dalle. 

Les  normes  de  caracterisation  ont  fixe  en  France  que  la  prise  d'humidite  ne  devait 
pas  depasser  2&  apres  immersion  pendant  une  heure  dans  l'eau  proche  de  l’ebullition  (la 
temperature  est  comprise  entre  90  et  100°  C). 

Au  contrSle  de  reception  du  materiel,  let  essais  sont  effectu£s  sur  les  plaques 
les  plus  legeres. 

Les  essais  de  perforation  correspondent  aux  performances  r£elies  envisages  du 
materiau,  qui  sont  de  resister  sans  perforation  totale  a  un  impact  d'unj  energie  de 
2.10  K  J/m2  ou  encore  represent ant  une  quantity  de  mouvements  de  80.10  Kg.m/s/m2,  ce 
qui  correspond  aux  performances  d'un  projectile  de  pistolet  mitrailleurM.A.T.  49, 
tire  au  cours  d'un  combat  rapproche. 

Les  plaques  qui  pr^sentent  une  trop  grande  rigidity  sont  per forces  ainsi  que  celles 
dont  les  couches  se  delaminent  trop  ais&nent. 

Les  essais  de  perforation  sont  effectual  sur  les  plaques  les  plus  16g&res  des  lots 
contrSies,  quatre  heures  apres  l'essai  de  prise  d'humidite. 

La  face  concave  des  plaquettes  prend  appui  sur  un  pneumatique  simulant  grossiferement 
l'Alasticite  que  represente  le  tronc  du  combattant,  les  bords  curvilignes  etant 
horizontaux. 

Au  cours  des  essais,  les  projectiles  doivent  Stre  arrltds  si  leur  impact  se  situs 
&  une  distance  superieure  a  10  millimetres  de  la  bordure  des  plaquettest  4  une  distance 
inferieure,  on  peut  toierer  la  perforation  sans  inconvenient  puisqu'll  y  a  chevauchement 
des  plaquettes. 

Une  plaque  peut  arrSter  plusieurs  projectiles,  si  leurs  points  d'impact  sont 
suffisaoment  espaces,  en  particulier,  il  faut  qu'un  nouvel  impact  n'ait  pas  lieu  dans 
une  zone  deiaminec  par  un  impact  precedent. 
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Ainsi,  au  cours  des  essais  de  reception,  ies  plaques  comport  ant  un  impact  dans  leur 
bordure  (a  moins  de  10  millimetres  du  bord)  sont  a  nouveau  soumises  4  1 'epreuve  des 
bailee. 

L'arrlt  du  projectile  deforme  la  plaquei  les  plis  se  deiaminent  sur  une  surface 
plus  ou  moins  grande  et  on  observe  un  gonf lement. 

Chacun  des  plis  du  materiau  agit  comma  une  barriers  d'arr&t,  et  c'est  son  6nergie 
de  deformation  qui  permet  le  ralentissement  du  projectile.  Le  contrdle  de  ces 
deformations  donne  une  indication  sur  la  cohesion  du  materiau  et  sur  la  tenue  des  fibres 
de  renforfcement. 

C'est  ce  qui  conduit  a  limiter  a  25  millimetres  les  deformations  acceptables  en 
cours  d'essais  de  reception.  Cette  deformation  est  en  outre  compatible  avec  la 
geometrie  de  l'assemblage  pour  ne  pas  entralner  de  blessures. 

L'utilite  du  dernier  contrdle,  celui  des  dimensions  et  de  la  finission,  apparalt 
comme  evident. 


COMPORTEMENT  DES  COMBATTANTS  EQUIPHS  DU  GILET 

Le  gilet  pare-balle  Frangais  a  ete  utilise  principalement  au  cours  de  la  guerre 
d'lndochine  et  celle  d'Algerie. 

En  Indochine,  1 'helicopt4re  a  ete  peu  utilise;  d'autre  part  le  blindage  du  poste 
de  pilotage  avait  ete  prefere  aux  protections  individual les,  ce  qui  limite  conside- 
rablement  1' experimentation  de  l'efficacite  du  vitement  pour  le  personnel  navigant. 

Les  resultats  d'utilisation  des  gilets  pare-balle  en  cours  d'operations  militaires 
sont  donnes  par  des  rapports  emanant  d 'unites  combattantes  et  portant  sur  quelques 
milliers  de  cas.  Les  aspects  essentiels  qui  peuvent  dtre  degages  de  ces  rapports 
concementi 

-  Le  com port ement  des  gilets, 

L'efficacite  de  protection  du  personnel, 

L'efficacite  psychologique, 

-  Les  incompatibilites  ou  lacunes, 

-  Les  suggestions  fonnuiees  par  les  utilisateurs. 

COMPORTEMENT  DES  GILETS. 

II  apparalt  que  les  methodes  de  contrdle  de  reception  des  plaquettes  de  protection 
sont  suffisamment  efficaces  pour  deceler  des  dispersions  dans  les  caracteristiques. 

En  effet,  sauf  pour  quelques  rares  cas  isoies,  les  projectiles  4  bout  rond  d'une 
energie  equivalents  4  2.10  .K  J/,2  ont  ete  arretes. 

Nous  n’avons  malheureusement  aucun  renseignement  concernant  les  gilets  qui  ont 
ete  traverses,  en  particulier  on  ne  peut  conclure  ni  4  un  vieillissement  premature 
ni  4  une  disposition  fortuite  des  caracteristiques. 

Parralle  lenient,  on  constate  que  les  balles  4  bout  rond  arrondi  ou  conique 
traversent  generalement  les  gilets,  mais  la  trajectoire  est  toujours  considerablement 
deviee. 

La  resistance  4  l'usure  de  ces  gilets  semble  assez  modeste.  Les  plaquettes, 
bien  qu’ayant  des  bords  arrondis,  usent  rapidement  le  tissu  des  alveoles  et  le 
recouvrement  des  ecailles  n'est  plus  assure. 

EFFICACITE  DE  PROTECTION  DES  PERSONNELS 


L'efficacite  des  gilets  est  indeniablai  cheque  foie  qu'il  a  ete  possible 
d'experiaenter  ce  material  en  combat,  les  rapports  sont  unanimes  4  reconnoitre 
que  les  combattants  atteints  au  thorax  doivent  leur  vie  sauve  au  port  du  gilet. 

On  remarque  c spend ant  qu'un  certain  n ombre  de  combattants  porteurs  de  gilets  ont 
ete  blesses,  m8me  par  des  projectiles  4  bout  rond.  II  s'aglt  souvent  de  projectiles 
penetrant  4  Is  jointure  de  deux  plaquettes.  Cecl  met  en  evidence  1' importance  du 
positionnament  des  plaquettes,  compromis  par  l'usure  des  alveoles. 
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Le  gilet  s'est  avere  egalement  efficace  dans  la  protection  contre  les  eclats  lagers 
d'obus  et  de  grenades. 

Enfin,  il  n'est  fait  mention  dans  les  rapports  ni  de  blessures  secondaires  due6 
aux  deformations  des  plaquettes  apres  un  impact,  ni  de  complications  des  blessures 
causees  par  des  fragments  de  protection  entraln^s  par  le  projectile. 


EFFICACITE  PSYCHOLOGIQUE 

Dans  ce  domaine  encore,  le  port  du  gilet  a  une  action  efficace.  Cet  effet  se 
revele  particulierement  chez  les  combattents  exposes,  pour  qui  le  souci  de  se  proteger 
est  incompatible  avec  l'execution  de  la  mission  :  chauffeurs  de  v4hicules  non  blindes, 
servants  d'annes  automatiques  de  bord,  radios  sur  vehicules,  pilotes  et  observateurs. 
Le  personnel  equipe  de  ce  materiel  fait  preuve  d'une  telle  confiance  que  certains 
rapports  ne  mentionnent  qu'un  seul  avantage  presente  par  les  gilets  pare-balle  i  celui 
d'etre  un  excellent  element  pour  le  moral  du  combattant. 

LES  INCOMPATIBILITES  OU  LAOJNES  -  SUGGESTIONS 


Malheureusement  on  remarque  egalement  un  certain  nombre  de  d£fauts  signal6s  par 
les  utilisateurs. 

Les  critiques  formulees  portent  essentiellement  sur  les  points  suivants: 

-  le  poids, 

-  la  chaleur, 

-  l'ajustement  du  vetement, 

-  la  protection  du  cou,  de  1 'abdomen. 


LE  POIDS. 


Le  poids  est  le  reproche  le  plus  frequemment  fait  a  ce  vStement,  au  point  que  son 
utilisation  n'est  plus  envisages  que  pour  le  personnel  transports  le  plus  expose. 

On  semble  admettre  en  effet  que  l’exces  de  fatique  due  au  poids  est  prohibitif.  La 
limite  de  poids  conmunement  admise  est  de  l'ordre  de  2  Kgs. 

Comme  d'autre  part  la  tendance  generate  est  a  1 'augmentation  des  surfaces  de 
protection,  ceci  conduit  a  reduire  de  plus  de  la  moitie  la  densitS  des  protections,  done 
d'atteindre  une  densite  voisine  de  1,4  pour  une  efficacitS  de  blindage  equivalente. 

LA  CHALEUR. 


La  chaleur  rend  insupportable  le  port  du  gilet,  pour  le  fantassin  conune  pour 
l’equipage  navigant  dans  les  regions  chaudes.  Ceci  provient  de  ce  que  l'enveloppe  du 
gilet  est  constitute  en  tissu  de  nylon  impermtabilist  a  une  pression  d'eau  de  280  millime¬ 
tres  d'eau  mesuree  a  1'appareil  SCHNERBER,  empechant  ainsi  1 'evaporation  de  la 
transpiration.  11  semble  done  souhaitable  de  rtaliser  ces  gilets  en  ti6su  dont  1'aSration 
optimum  doit  Stre  compatible  avec  la  resistance  mecanique  exigee. 

L'AJUSTEMENT  DU  VETEMENT. 


L'ajustement  du  vltement,  indispensable  pour  une  efficacitt  optimum,  rend  par  contre 
trie  difficile  tous  les  mouvements  de  flexion  du  tronc.  11  faut  signaler  cependant  que 
cette  gine  est  compenste  chez  certains  par  une  diminution  de  la  fatigue  SprouvSe  &  la 
suite  de  longs  dtplacements  grSce  au  maintien  du  tronc  par  le  gilet.  Ntanmoins,  la 
majoritS  des  rapports  soulignent  la  gSnei  l'<t<  le  gilet  ports  sur  un  vltaraent  ltger 
cause  rapidement  des  blessuresj  l'hiver,  11  est  ports  par  dessus  un  habillement  Spais, 
il  rend  mal  ais<  tous  les  mouvements.  C'est  ainsi  par  example  que  l'ichancrure  de 
l'ipaule.  Juste  suffisante  quand  le  gilet  est  port 6  sur  une  simple  chemise,  ne  l'est 
plus  quand  le  gilet  est  port4  par  deaaus  quelques  ipaisseurs  de  tissu. 
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LA  PROTECTION  DU  CPU. 


La  protection  du  cou  est  totalement  inexistante  et  elle  est  unaniraement  regrettee. 
LA  PROTECTION  DE  L'ABDWEt). 


La  protection  de  l'abdonien  est  vivement  souhaitee  par  tous.  Cependant,  c'est 
curieusement  la  longueur  du  vetement  qui  est  jugee  responsable  de  la  majeure  part 
de  l'inconfortj  c'est  ainsi  que  la  bavette  de  protection  ventrale  est  jugee  une  gSne 
intolerable  dans  la  manoeuvre  des  jambes  des  chauffeurs  ou  des  pilotes*  La  protection 
reclames  le  plus  souvent  semble  devoir  couvrir  1' abdomen  jusqu'a  l'aine,  lorsque  le 
combattant  est  en  position  assise. 

En  conclusion,  si  l'on  devait  decrire  le  gilet  pare-balle  ideal,  on  pourrait  citer 
les  caracteristiques  suivantess 

etre  leger  et  peser  2Kg  au  maximum, 
etre  souple, 

etre  frais  l'ete,  chaud  l'hiver, 
proteger  l'abdomen,  le  tronc,  le  cou, 

et  etre  efficace  contre  tous  les  projectiles,  meme  tires  a  courte  distance. 

Enfin,  nous  voudrions  remercier  la  Section  Technique  de  l'Armee  ainsi  que 
l'Inspection  Technique  de  1 'Habillement  pour  l'aide  precieuse  que  ces  organismes  nous 
ont  spportee. 
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Pig. 1  Gilet  forme  veste  Pig. 2  Gilet  forme  chasuble 


'NOT  REPRODUCIBLE 


Fig. 3  Impact  dans  une  plaquette  de  protection 


Fig. 4  Delaminage  apr^s  impact 


DEVELOPMENT  OF  AN  AIRCREW  SAFETY  HARNESS 
WITH  SPECIAL  REFERENCE  TO  THE  Fill  AIRCRAFT 


by 


Squadron  Leader  D. 


C.  Reader 


Royal  Air  Force  Institute  of  Aviation  Medicine 
Farnbo rough,  Hants 


SUMMARY 


The  principles  of  safety  harness  design  are  discussed  and  a  method  of 
harness  assessment  is  presented.  As  an  illustration  the  development  and 
assessment  of  an  alternative  British  harness  for  the  Fill  is  described. 

The  British  harness  was  compared  with  the  American  harness  in 
experiments,  conducted  first  at  low  levels  of  acceleration  (1  G)  and  then 
at  higher  levels  (up  to  17  G)  induced  by  swinging  human  subjects  in  a 
suspended  replica  Fill  seat  and  arresting  the  swing  with  cables. 

The  improved  restraint  afforded  by  the  British  harness  coupled  with 
its  operational  advantages  has  led  to  its  acceptance  as  a  replacement 
for  the  American  harness  in  all  Fill  aircraft. 
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PRINCIPLES  OF  AIRCREW  SAFETY  HARNESS  DESIGN 


THE  FUNCTION  OF  a  safety  harness  is  to  restrain  aircrew  against  all  forces  which  can  occur  in 
flight,  on  the  ground,  or  during  emergency  escape.  The  harness  must  be  efficient  without  over¬ 
restriction,  and  must  accomodate  all  sizes  of  personnel  who  are  to  use  it.  It  should  be  simple, 
comfortable  and  easy  to  use.  Quick  release  connectic^a  to  the  parachute  and  the  seat  must  be 
incorporated  so  that  the  time  for  emergency  egress  is  minimal  both  in  the  air  and  on  the  ground, 
whilst  retaining  the  support  and  restraint  of  the  harness  and  parachute  when  required.  Preferably, 
seat  and  harness  should  be  designed  together,  enabling  the  seat  and  harness  anchorage  points  to  be 
strong  where  required  with  the  minimum  weight  penalty.  Harnesses  will  differ  with  the  role  of  the 
aircraft,  as  the  crew  of  a  transport  aircraft  need  less  restraint  than  a  fighter  pilot.  Cockpit 
size  will  also  influence  harness  design  as  more  freedom  is  required  in  larger  cockpits.  The  har¬ 
ness  should  also  allow,  where  necessary,  special  tasks,  eg,  leaning  forward  to  view  a  radar  screen, 
to  be  performed  without  any  compromise  of  restraint  which  unfastening  the  harness  would  entail. 

A  METHOD  OF  HARNESS  ASSESSMENT 


The  assessment  of  a  harness  must  include  tests  which-  simulate  as  far  as  possible  the  worst  con¬ 
ditions  and  combinations  of  stress  to  which  the  harness  may  be  subjected  in  use.  Stress  should  be 
graduated,  so  that  failures  can  be  detected  early  in  the  assessment  and  be  corrected.  The  primary 
function,  that  of  restraint,  should  be  assessed  first. 

An  acceleration  of  1  G  can  be  imposed  in  various  directions  by  tilting  and  inverting  the  seat, 
harness  and  subject  with  respect  to  gravity.  Higher  levels  of  acceleration  can  be  imposed  by 
arresting  the  motion  of  the  seat  and  the  subject  with  decelerating  cables.  Alteration  of  the  seat 
position  with  respect  to  the  motion  will  alter  the  plane  of  imposed  deceleration. 

If  the  harness  is  also  to  be  used  as  a  parachute  harness,  eg,  aB  the  combined  parachute  and  seat 
harness  of  an  ejection  seat,  the  harness  should  also  be  assessed  in  that  role.  Human  subjects 
wearing  the  harness  should  be  exposed  to  vertical  accelerations  equivalent  to  those  caused  by 
parachute  development  and  subsequent  suspension.  This  can  be  effected  by  suspending  the  subject 
wearing  the  harness  by  the  parachute  risers  or  lift  webs.  The  vertical  acceleration  produced  by 
parachute  development  can  be  simulated  by  raising  the  subject  so  that  the  risers  become  slack  and 
then  allowing  the  subject  to  fall  until  arrested  by  the  tension  in  the  risers.  Varying  the 
distance  of  fall  before  arrest  will  vary  the  imposed  vertical  acceleration. 

Following  restraint,  other  variables  such  as  comfort,  ease  of  use,  restriction  to  movement,  and  the 
ability  to  reach  all  controls  and  accomodate  all  aircrew  sizes  should  be  assessed  with  the  seat 
placed  in  a  three  dimensional  replica  of  a  suitable  cockpit. 

The  results  of  all  assessments  should  be  applied  to  improve  the  overall  design  before  the  harness 
is  introduced  for  service. 

DEVELOPMENT  OF  AN  ALTERNATIVE  HARNESS  FOR  THE  Fill 


The  Fill  employs  crew  module  or  capsule  ejection  as  a  means  of  emergency  escape.  The  crew  module 
containing  two  aircrew  separates  from  the  aircraft  by  rocket  power  and  descends  by  means  of  a 
parachute.  The  escape  system  can  operate  throughout  the  whole  performance  envelope  of  the  air¬ 
craft,  and  the  crew  remain  in  the  module  until  after  ground  or  water  impact.  As  the  crew  module 
can  impact  with  forward  and  lateral  motion  in  addition  to  vertical  descent,  forward,  lateral  and 
vertical  acceleration  can  be  imposed  on  the  occupants. 

A  simple  harness  is  required  for  the  Fill  crew  module  seat,  which  restrains  the  aircrew  against 
forward,  lateral  or  vertical  acceleration  in  any  combination,  but  which  does  not  impede  emergency 
egress.  Before  separation  of  the  crew  module,  the  harness  is  tightened  automatically  by  powered 
retraction  of  the  shoulder  straps. 

THE  AMERICAN  Fill  HARNESS.  This  harness  (Fig  1),  which  is  fitted  to  all  Fill  aircraft,  is  in 
two  portions.  Lower  torso  restraint  is  by  means  of  two  fixed  lap  belts  which  fasten  by  buckles  to 
a  pelvic  crutch  loop  attached  to  the  seat  pan.  Upper  torso  restraint  is  basically  of  cruciform 
design  with  additional  lateral  restraint.  Two  combined  straps  hook  together  at  a  central  quick 
release  buckle.  Each  combined  strap  consists  of  a  shoulder  strap,  a  torso  strap  and  a  chest  strap 
which  passes  behind  the  subject  to  the  other  side  of  the  seat  frame.  The  shoulder  straps  extend 
forwards  on  demand  and  are  reeled  in  automatically.  Only  the  crutch  loop  and  chest  strap  can  be 
adjusted. 

The  buckles  of  thia  harness  and  the  "waistcoat”  nature  of  the  upper  torso  portion  impede  rapid 
egress.  The  fixed  length  torso  strap  prevents  personnel  with  very  large  chests  using  the  harness 
and  allows  the  shoulder  straps,  when  automatically  retracted,  to  pull  the  central  buckle 
dangerously  near  the  throat  of  small  chested  aircrew.  The  lower  torso  restraint  provides  a  loop 
in  which  the  pelvis  can  pivot  up  or  down,  and  thia  is  not  pravented  by  tightening  the  strap. 

THE  BRITISH  HARNESS.  An  alternative  harness  (Fig  2)  for  the  Fill  was  developed  at  the  Royal 
Air  Force  Institute  of  Aviation  Medicine.  It  is  a  simple  harness  incorporating  a  four-point  quick 
release  box,  which  is  attached  to  the  seat  pan  by  a  fixed  length  negative  G  restraint  strap.  A 
pair  of  lap  straps  incorporating  roller  adjustment  buckles  end  in  lugs  which  are  inserted  into  the 
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quick  release  box.  A  pair  of  shoulder  straps  which  fasten  at  the  quick  release  box  are  passed 
through  an  adjusting  buckle  to  a  small  roller  at  each  side  of  the  chest.  These  shoulder  straps 
are  themselves  attached  to  the  seat  by  a  second  pair  of  straps  which  descend  from  the  inertia  reel, 
pass  through  the  rollers,  turn  back  and  are  fastened  to  the  other  side  of  the  seat.  This  double 
shoulder  strap  assembly  is  carried  on  a  "horse  collar"  shaped  pad,  which  distributes  the  tension 
of  the  straps  over  a  wider  area,  1.  cp9  the  rollers  in  the  most  effective  position  and  prevents 
clothing  jamming  the  rollers. 

The  lap  and  negative  G  straps  enclose  the  pelvis  and  prevent  vertical  movement  when  the  module  is 
inverted  or  subjected  to  vertical  oscillation.  The  shoulder  straps  prevent  forward  movement  of 
the  upper  torso,  and  the  crossed  shoulder  straps  prevent  vertical  and  lateral  movements.  Despite 
the  close  restraint  provided  by  the  harness,  the  single  action  of  turning  the  quick  release  box 
releases  all  straps  from  the  body.  The  buckles  in  the  straps  allow  adjustment  for  all  sizes  of 
aircrew  and  enable  the  pilot  to  tighten  the  harness  and  obtain  additional  restraint  when  required. 

As  the  British  harness  showed  promise  it  was  assessed  and  compared  with  the  American  harness  at 
both  low  (Reader.  1967a)  and  high  (Reader,  1967b)  levels  of  acceleration  using  human  subjects. 

REVERSAL  TESTS.  A  replica  Fill  seat  was  mounted  on  a  rig  allowing  movement  around  a  horizontal 
axis  passing  through  the  middle  of  the  seat  back.  Three  subjects,  one  from  the  mid  point,  and  one 
from  each  of  the  extremes  of  pilot  size  range  were  seated  in  the  Fill  seat  and  either  the  American 
or  the  British  harness  was  fastened  and  adjusted.  The  position  of  the  top  of  the  subject's  head 
relative  to  the  seat  was  measured  on  a  vertical  scale,  then  the  subject  was  inverted  and  the  head 
position  remeasured.  The  difference  in  the  two  measurements  gave  the  amount  of  vertical  movement 
allowed  by  the  harness  under  the  influence  of  negative  G. 

A  measure  of  the  restraint  in  the  lateral  plane  was  similarly  obtained  by  determining  the  movement 
of  the  points  of  the  shoulders  when  the  seat  and  subject  were  tilted  on  their  sides. 

With  similar  shoulder  strap  tensions,  mean  vertical  movements  on  inversion  of  3  inches  were  observed 
with  the  American  harness,  and  2/3  inch  with  the  British  alternative.  Mean  lateral  shoulder  move¬ 
ments  obtained  with  the  American  harness  were  3)  inches  whilst  movements  of  2  inches  (right)  and 
21  inches  (left)  were  obtained  with  the  British  harness. 

SUING  RIG  TESTS.  In  order  to  assess  and  compare  the  restraint  afforded  by  both  harnesses  at 
higher  levels  of  acceleration,  five  subjects  of  varying  body  size  wearing  Fill  flying  clothing, 
were  exposed  to  simulated  crash  forces  in  the  forward,  lateral  and  45°  forward  and  to  the  left 
planes.  Deceleration  was  produced  by  swinging  the  subject  in  a  frame  containing  a  replica  of  an 
Fill  seat  suspended  from  the  roof  of  a  laboratory  and  then  arresting  the  swing  by  cables.  The  plane 
of  deceleration  was  varied  by  altering  the  suspension  of  the  frame  and  the  seat  relative  to  the 
axis  of  the  swing.  The  magnitude  and  rate  of  rise  of  the  imposed  deceleration  were  varied  by 
altering  the  lateral  displacement  of  the  frame  before  release.  Throughout  the  tests,  continuous 
measurements  were  made  of  acceleration,  harness  strap  loads,  and  head  and  shoulder  movements.  The 
shoulder  straps  of  both  harnesses  were  tensioned  before  the  deceleration  by  weights  to  simulate 
retraction  by  the  powered  inertia  reel.  High  speed  cine  photography  was  taken  of  head  movement 
throughout  the  deceleration  phase  to  analyse  and  measure  the  head  movement  in  greater  detail.  A 
mock-up  of  the  cockpit  canopy  of  the  Fill  was  placed  beside  the  seat  to  determine  the  likelihood 
of  collision  between  subject's  helmet  and  the  cockpit  canopy  during  deceleration.  Consents  on 
restraint  and  discomfort  were  recorded  throughout  the  tests. 

One  hundred  and  twenty-seven  human  deceleration  tests  were  conducted  using  this  apparatus.  The 
maximum  peak  deceleration  recorded  was  17.7  G  in  the  lateral  plane,  14  G  in  the  forward  plane  and 
8.2  G  in  the  45°  plane.  The  British  harness  was  considered  more  comfortable  throughout  the  experi¬ 
ments  by  all  the  subjects.  Most  adverse  consent  was  centred  on  the  American  harness  when  the 
shoulder  straps  were  tightened,  simulating  the  powered  inertia  reel.  This  caused  pain  in  the  back 
and  chest  and  breathing  was  difficult.  These  symptoms  were  not  reported  with  the  British  harness 
similarly  tensioned.  There  was  little  difference  between  the  shoulder  movements  permitted  by 
either  harness,  but  the  British  harness  allowed  less  head  movement.  Contacts  between  helmet  and 
canopy  took  place  twice  with  each  harness  with  the  same  subject  but  he  was  unaware  of  these.  Thus, 
under  similar  conditions  of  deceleration,  the  two  harnesses  performed  satisfactorily,  with  the 
British  harness,  as  judged  by  head  movement,  marginally  better. 

The  harness  strap  loads  were  measured  by  strain  gauges.  The  loads  in  the  straps  of  the  British 
harness  were  no  greater  than  those  observed  in  the  American  harness  at  similar  peak  decelerations. 
However,  the  negative-G  strap  carried  high  loads  (900  lb  at  10  G)  and  requires  a  strong  attachment 
to  the  Fill  seat.  Modifications  to  the  seat  are  also  required  to  attach  the  crossed  shoulder 
straps. 

C0HCLPSI0K 


At  low  levels  of  acceleration  the  British  harness  gives  better  restraint  than  the  American  harness. 
At  higher  levels,  the  restraint  provided  by  the  more  complex  American  harness  is  no  better  than 
that  provided  by  the  simpler  British  alternative,  and  the  latter  causae  less  discomfort.  In 
addition,  the  British  harness  has  noteble  operational  advantages.  It  can  accomodate  safely  all 
sises  of  aircrew  and  the  buckles  allow  tensioning  of  all  the  straps  when  required.  The  one  point 
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fixation  sunpUfies  the  harness  and  hastens  emergency  egress.  The  assessments  have  shown  that  the 
British  harness  has  distinct  advantages  over  the  American  system  and  is  a  very  suitable  alternative. 
The  British  version  has  now  been  accepted  as  a  replacement  for  the  American  harness  in  all  Fill 
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PHYSIOLOGICAL  ASSESSMENT  OF  AIRCREW  PROTECTIVE  SUIT  SYSTEMS 
UNDER  DIFFERENT  ENVIRONMENTAL  CONDITIONS 


By  Louis  J.  SantaMaria 
Aerospace  Crew  Equipment  Department 
Naval  Air  Development  Center 
Johnsville,  Warminster,  Pa.  18974 
U.  S.  A. 


SUMMARY 

The  protection  of  aircrew  personnel  under  adverse  environmental  conditions  encountered  during  the 
overall  mission  and  potential  emergency  is  a  problem  of  continuing  Importance.  Different  protec¬ 
tive  suit  systems  (PSS)  have  been  designed  to  satisfy  requirements  for  environmental  protection  in 
the  maintenance  of  a  physiologically  tolerable  level  of  thermal  equilibrium  in  the  in-flight  condi¬ 
tion  as  well  as  in  the  emergency  condition.  The  problem  is  further  complicated  by  the  very  nature 
of  the  aircraft  (helicopter,  patrol,  fighter,  and  attack),  each  endowed  with  peculiar  conditioning 
systems  and  mission  profiles.  Among  the  PSS  considered  in  this  survey  are  the  USN  MK5A  suit 
assembly,  the  divers'  wet  suit  (WS),  and  a  polyvinylchloride  suit  (PVC).  Simulated  environments  of 
extreme  cold,  both  dry  (-40°F  temperature)  and  inmersion  cold  (32°F  water  temperature),  and  moder¬ 
ate  heat  were  induced  in  the  physiological  assessment  of  the  various  PSS.  The  adequacy  of  the 
protective  suits  under  different  conditions  of  exposure  was  based  on  measures  of  body  temperature, 
heart  rate,  and  weight  loss. 
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THE  PROTECTION  of  aircrew  personnel  under  adverse  environmental  conditions  encountered  during  the 
overall  mission  and  potential  emergency  is  a  problem  of  continuing  importance.  It  is  axiomatic, 
therefore,  that  the  pilot  and  aircrewmen  must  be  equipped  with  protective  suit  systems  (PSS)  which 
allow  for  the  successful  accomplishment  of  their  mission  in  the  light  of  environmental  variability 
presented  during  the  entire  flight  phase;  at  the  same  time,  the  PSS  must  be  designed  to  supply  an 
adequate  level  of  thermal  protection  during  the  potential  emergency  phase  of  flight  in  which  the 
extremes  of  environmental  variability  are  possibly  encountered.  The  problem  of  thermal  protection 
is  further  complicated  by  the  very  nature  of  the  aircraft,  e.g.,  fighter  vs.  patrol,  each  endowed 
with  particular  characteristics  of  supporting  thermal  equipment  and  mission  profiles  affecting  such 
variables  as  time-in-flight,  distance,  and  terrain.  Coupled  with  the  known  elements  of  environ¬ 
mental  variability  and  mission  characteristics  of  the  aircraft  is  the  indefinable  element  of  pilot 
and  aircrew  acceptability.  As  a  consequence  of  this  expression  of  acceptability,  an  aircrew 
philosophy  has  occasionally  expressed  Itself  in  terms  of  a  rather  loose  interpretation  of  the  com¬ 
ponents  of  a  designed  PSS  and,  in  some  instances  of  extreme  environmental  exposure,  in  a  loss  of 
aircrew  personnel. 

Different  PSS  have  been  designed  to  satisfy  certain  requirements  for  environmental  protection 
in  the  maintenance  of  a  physiologically  tolerable  level  of  thermal  equilibrium  in  the  in-flight 
condition  as  well  as  in  the  emergency  situation.  The  purpose  of  this  study  is  to  describe  the 
physiological  assessment  of  various  PSS  at  the  Aerospace  Crew  Equipment  Department,  Naval  Air  Devel¬ 
opment  Center,  toward  the  attainment  of  an  ideal  protective  suit  configuration  for  aircrew  personnel 
exposed  to  different  environmental  conditions  of  both  heat  and  cold. 

METHODOLOGY 

In  the  assessment  of  the  various  PSS  considered  in  this  investigation,  the  methodological 
approach  follows  a  general  procedure.  The  subjects  are  equipped  with  appropriate  physiological 
sensors  in  the  measurement  of  body  temperature  and  heart  rate.  Under  certain  environmental  condi¬ 
tions  wherein  weight  losses  are  of  Interest,  the  subjects  are  weighed  nude  and  fully  equipped, 
before  and  after  the  experimental  treatment  in  order  to  determine  total  and  evaporative  weight 
losses.  The  subjects  are  then  equipped  with  the  suit  system  under  consideration  and  exposed  to  the 
environmental  conditions  for  either  a  fixed  period  of  time  or  until  definite  physiological  endpoints 
are  attained.  In  the  cold  environment,  skin  temperatures  of  8-10°C  and/or  rectal  or  deep  body 
temperatures  of  35°C  represent  a  physiological  state  dictating  the  termination  of  the  run;  in  the 
warm  environment,  abortion  of  the  run  is  Indicated  by  the  attainment  of  a  rectal  temperature  of 
39°C  and/or  heart  rate  of  140  B/min  for  sedentary  subjects  or  of  180  B/min  for  exercising  subjects. 
Body  temperatures,  sensed  by  means  of  thermocouples  or  thermistors,  include  rectal  temperature  and 
skin  temperatures  of  different  parts  of  the  body.  The  different  measures  of  skin  temperature  are 
weighted  according  to  the  area  sensed  and  then  summed  to  give  a  measure  of  mean  weighted  skin  tem¬ 
perature  (MUST). 

The  environmental  conditions  under  which  the  different  PSS  are  assessed  for  this  study  range 
from  an  extreme  dry  cold  of  -40°C  temperature  to  a  moderately  warm  environment  of  46°C  temperature. 
For  test  programs  involving  the  warm  environment,  ventilating  air  is  supplied,  if  the  PSS  allows  for 
suit  ventilation,  at  different  flow  rates  and  ventilating  temperatures.  In  programs  involving  the 
water-cooled  suit  (WCS),  the  temperature  and  flow  of  water  are  noted  in  the  discussion  of  results. 
The  range  of  environmental  testing  also  Includes  cold  water  imnersion  (0°C),  with  and  without  life 
raft  boarding,  and  a  wind  velocity  of  20  MPH. 

The  suit  systems  considered  In  this  survey  are  as  follows: 

1.  USN  MK5A  Suit  Assembly 

2.  Divers'  Wet  Suit 

3.  Polyvinylchloride  Suit 

4.  ACED  Suit-Raft  Assembly 

5.  Water-Cooled  Suit 

The  MK5A  assembly  is  essentially  composed  of  a  ventilating-insulating  liner  over  which  is  worn 
an  Impermeable  outer  suit  of  neoprene-impregnated  fabric.  With  appropriate  neck  and  wrist  seals  and 
a  bootie  extension  of  neoprene  rubber,  it  is  designed  to  be  water-tight.  The  divers'  wet  suit  is 
composed  of  3/16"  foam  rubber  and  modified  by  the  incorporation  of  torso-restricted  and  full-length 
ventilation  harnesses.  The  polyvinylchloride  suit  Is  composed  of  1/8  -  3/16"  foam  integrated  with 
an  outer  suit  comparable  to  an  ordinary  flight  suit.  It  is  a  rather  loose  fitting  suit  and,  with 
Velcro-wrapped  wrists  and  ankles  and  open-neck,  represents  a  minimal  effort  In  delimiting  the  influx 
of  water  in  tests  Involving  water-immersion. 

The  ACED  suit-raft  assembly  is  a  system  combining  minimal  suit  protection  and  a  one-man  raft 
with  Inflatable  hood  and  floor.  The  suit  system  is  composed  of  an  insulating  underwear  (RHOVYL), 
an  Intermediate  USAF  liner,  and  an  outer  Impermeable  garment.  With  neck  and  wrist  seals  and  a 
water-proof  entrance  zipper,  water  integrity  is  maintained. 
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The  water-cooled  suits  used  in  this  work  are  of  two  types,  depending  on  the  extent  of  body 
coverage:  (1)  torso  length  as  available  through  a  commercial  developer  (Hamilton-Standard);  and 
(2)  full  length,  thus  allowinq  for  full  coverage  of  the  body  with  water  distributing  tubes  except 
for  the  hands,  feet,  and  head.  Portable  and  fixed  sources  of  water  controllable  in  regard  to 
temperature  and  flow  are  used  in  conjunction  with  water-cooled  suits. 

RESULTS 

USN  MK5A  SUIT  ASSEMBLY.  The  MK5A  suit  assembly  was  extensively  investigated  as  a  PSS  in  both 
hot  and  cold  environments  and  under  conditions  of  cold  water  immersion.  Prior  to  the  development 
of  the  MK5A,  the  PSS  for  aircrew  personnel  was  the  MK4  suit  assembly  (VAPOTEX)  which  featured  an 
outer  suit  of  material  capable  of  transport  of  water  vapor  from  the  body  but  impermeable  to  water 
in  the  case  of  immersion.  Thermally,  the  MK5A  allowed  for  an  equivalent  level  of  insulation  while 
affording  the  capability  of  positive  ventilation  for  heat  dissipating  purposes. 

In  a  study  comparing  the  MK4,  the  MK5A  unventilated,  and  the  MK5A  assembly  ventilated,  the 
advantages  of  a  ventilating  system  in  terms  of  body  temperature  and  weight  loss  are  observed  (14). 

The  results  of  this  investigation  are  presented  in  Table  I.  Under  the  conditions  noted,  it  can  be 
seen  that  the  MK5A  assembly  in  the  ventilated  state  effectively  reduced  total  weight  loss,  of  which 
the  greater  portion  is  evaporated,  and  maintained  body  temperatures  at  more  comfortable  levels. 

Rectal  temperature  was  only  slightly  affected  by  the  experimental  treatment  during  the  fixed  2-hour 
period  of  exposure. 

The  MK5A  was  also  evaluated  in  extreme  dry  cold  environments  (-4D°C)  and  under  conditions  of 
immersion-flotation  and  inmersion  followed  by  life-raft  boarding  in  a  study  including  the  MK4 
assembly  and  the  USN  MK-IV  Full  Pressure  Suit  (13).  The  results  of  this  investigation  are  pre¬ 
sented  in  Table  II.  Under  the  conditions  noted,  the  near  equivalence  of  the  MK5A  to  the  MK4  in 
terms  of  the  level  of  thermal  protection  can  be  seen. 

DIVERS'  WET  SUIT.  In  a  study  designed  to  evaluate  the  wet  suit  (unmodified)  as  a  potential  sub¬ 
stitute  for  the  MK5A  suit  assembly,  it  was  found  that  temperature  responses  of  subjects  exDosed  to 
a  cold  environment  (dry  and  immersion)  indicated  a  level  comparable  to  the  existing  protective  suit 
assemblies  (11).  For  the  2-minute  immersion  followed  by  life-raft  boarding  in  water  temperature  of 
32°F,  air  temperature  20°F,  and  wind  velocity  20  MPH,  tests  were  terminated  after  2-3  hours. 

In  a  state  of  constant  immersion-flotation  in  32°F  water,  subjects  generally  tolerated  an  exposure 
of  approximately  one  hour.  In  the  extreme  dry  cold  environment  of  -40°F,  subjects  tolerated  an 
exposure  of  one  hour  with  observed  exposure  times  of  1.5  hours  in  an  ambient  environment  of  0°F  and 
2.0  hours  in  an  ambient  environment  of  20°F.  In  moderately  warm  environments  of  80°f  and  above, 
skin  temperatures  approached  core  temperature  in  4-5  hours  with  resulting  excessive  heat  storage. 

In  an  ambient  environment  of  1Q0°F,  levels  of  MUST  and  rectal  temperature  reached  in  2.5  to  3  hours 
at  an  ambient  of  90°F  were  attained  in  a  matter  of  100  minutes  in  the  sedentary  subject. 

The  physiological  effects  of  wearing  the  unmodified  wet  suit  in  moderately  warm  environments 
prompted  the  development  of  a  wet  suit  modified  by  the  incorporation  of  a  full  length  ventilatinq 
harness.  The  results  of  a  study  (12)  using  the  ventilated  wet  suit  in  different  ambient  environments, 
with  varying  flow  rate  and  temperature  of  ventilatinq  air  for  a  fixed  period  of  two  hours,  are  pre¬ 
sented  in  Tables  III  and  IV.  In  an  ambient  temperature  o*  4(1. 6°C,  increase  in  MWST  was  appreciably 
greater  when  the  ventilating  temperature  was  maintained  at  32.2°C  than  that  effected  by  a  ventilatinq 
temperature  of  23.9°C.  While  an  appreciable  difference  in  total  weiqht  loss  was  observed  when  venti¬ 
lating  with  the  two  levels  of  air  temperature,  the  evaporating  efficiency  ranged  between  75-85%  for 
all  tests.  In  an  ambient  environment  of  32.P°C,  similar  changes  in  MWST  were  noted  using  the  identi¬ 
cal  levels  of  flow  rate  and  temperature  of  the  ventilatinq  air.  While  total  weight  loss  was  of  the 
order  of  200  gms,  evaporating  efficiency  ranged  between  66-83%  at  the  two  levels  of  flow  rate  (300 
and  150  LPM) . 

POLYVINYLCHLORIDE  SUIT  (PVC  SUIT).  The  PVC  suit  (1/8")  was  used  in  a  limited  test  program  in 
simulated  environments  of  dry  cold,  cold  water  inmersion,  and  moderately  warm  temperatures.  In  a  0°F 
temperature  environment,  subjects  tolerated  the  exposure  for  approximately  70  minutes  with  final  MWST 
reaching  a  level  of  ?8.0°C;  rectal  temperature  was  relatively  unaffected.  At  -40°F  temperatures,  a 
tolerance  endpoint  was  attained  in  35  minutes  with  final  MWST  of  24.5°C;  rectal  temperature  decreased 
by  0.7°C  from  initial  levels.  In  inmersion  tests  with  water  temperatures  at  32°F,  air  temperature 
20° F,  and  wind  velocity  20  MPH,  results  indicate  that  tolerance  times  varied  between  35  and  60 
minutes.  Severe  levels  of  MWST  (21.0°C  and  18.5°C  respectively)  were  reached  in  the  course  of  these 
exposures.  Under  conditions  of  5  minutes  inmersion  followed  by  raft  boarding,  subjects  tolerated  the 
exposure  for  approximately  70  minutes,  at  the  end  of  which  time  MWST  had  decreased  to  a  level  of 
25.0°C.  Under  less  extreme  conditions  of  45°F  water  and  40°F  air  temperatures  and  a  wind  velocity  of 
20  MPH,  subjects  wearing  a  close-fitting  3/16“  PVC  suit  tolerated  the  exposure  for  approximately  2 
hours,  30  minutes.  At  this  time,  foot  temperatures  had  dropped  to  10°C,  while  MWST  remainted  at  a 
level  of  approximately  28°C  and  rettal  temperature  at  37.4°C.  In  warm  exposures,  results  indicate 
that  for  the  sedentary  subject  in  a  90°F  ambient,  physiological  endpoints  regarding  heart  rate  are 
attained  after  2.5  hours;  in  a  105°F  ambient,  endpoints  regarding  both  heart  rate  and  core  tempera¬ 
ture  are  reached  in  approximately  1.5  hours. 
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ACED  SUIT-RAFT  ASSEMBLY.  The  advantages  of  a  combined  suit  and  inflatable  raft  were  indicated 
in  a  series  of  tests  designed  to  assess  various  assemblies  for  submarine  escape  in  an  extreme  cold 
water  environment.  Using  a  suit  system  of  RHOVYL  underwear,  USAF  liner  and  a  loose-fitting,  imper¬ 
meable  outer  suit  and  a  one-man  raft  with  Inflatable  floor  and  canopy,  the  duration  of  exposure  to 
29°F  water  temperature,  10°F  air  temperature,  and  20  MPH  wind  velocity  was  of  the  order  of  8  hours 
following  a  3-minute  period  of  immersion  prior  to  raft  boarding.  Foot  temperatures  at  the  end  of 
the  exposure  reached  predetermined  cut-off  levels  (46-50°F)  with  core  temperature  rapidly  approach¬ 
ing  endpoint  levels  of  95°F.  Using  the  same  suit  configuration  and  inflatable  raft,  an  exposure 
time  of  24  hours  was  reached  in  an  environment  of  44°F  water  temperature,  32°F  air  temperature,  and 
a  wind  velocity  of  20  MPH.  During  this  time,  no  food  or  water  was  made  available  to  the  subject. 

At  the  end  of  the  exposure,  core  temperature  and  surface  skin  temperatures  were  at  levels  well 
above  the  pre-established  endpoints. 

WATER-COOLED  SUIT  (WCS).  The  effectiveness  of  a  full  length  WCS  (NASA  Model  LCG-1)  in  provid¬ 
ing  thermal  protection  under  heat  stress  conditions  as  compared  to  conventional  underwear  was 
determined  in  three  subjects  at  rest  and  excercising  at  a  level  of  800  BTU/hr.  Water  was  supplied 
at  a  flow  of  200  Ibs/hr  and  the  inlet  temperature  was  maintained  at  81°F.  Dry  bulb  temperature  in 
the  test  chamber  was  kept  at  95°F  with  a  dew  point  temperature  of  86°F.  While  all  subjects  toler¬ 
ated  the  3-hour  exposure  period,  physiological  advantages  in  terms  of  body  temperature  and  heart 
rate  were  observed  when  the  WCS  system  was  used.  In  tests  wherein  the  dew  point  temperature  was 
raised  to  91°F,  all  other  conditions  being  equal,  two  of  the  three  exercising  subjects  wearing  the 
conventional  underwear  were  removed  from  the  test  environment  before  the  completion  of  the  three- 
hour  test  because  of  heat  strain,  as  evidenced  by  high  pulse  rates  and  rectal  temperatures. 

Under  these  conditions,  the  subjects  equipped  with  water  cooling  completed  the  prescribed  exposure 
period. 

A  current  proqram  involving  subjects  wearing  a  full  lenqth  WCS  in  conjunction  with  a  Gemini- 
type  full  pressure  suit  is  designed  to  determine  the  physiological  responses  during  moderate  (2000 
BTU/hr)  and  severe  exercise  (3500  BTU/hr)  according  to  a  prescribed  work  profile  which  is  of  special 
interest  for  space  operations.  Water  is  introduced  at  the  rate  of  240  Ibs/hr  and  at  an  inlet  tem¬ 
perature  of  45°F;  ventilating  air  is  introduced  at  a  flow  of  8  CFM  and  at  a  temperature  of  75°F. 

The  work  profile  extends  for  a  fixed  period  of  one  hour  and  the  tests  are  conducted  in  a  normal  room 
environment  (72-75°F  temperature).  Preliminary  observations  indicate  elevated  heart  rate  and  rectal 
temperature  during  the  middle  third  of  the  one-hour  period,  this  segment  of  time  being  the  period  in 
which  the  work  rate  is  increased  to  3000  or  to  35000  BTU/hr,  depending  on  the  initial  work  levels 
imposed  (2000  or  2500  BTU/hr).  In  the  final  third  of  the  one-hour  test,  treadmill  conditions  are 
changed  so  that  work  loads  approximate  those  imposed  initially. 

DISCUSSION 

The  problem  of  thermal  protection  for  aircrewiembers  is  a  complex  one  involving  the  multiple 
interactions  of  man  in  the  aircraft  environment  as  well  as  man  in  the  potential  emergency  environ¬ 
ment.  With  the  wide  range  of  classes  of  aircraft,  each  entrusted  to  particular  missions  and  each 
variously  equipped  with  different  cockpit  or  personal  ventilating  conditioning  capabilities,  it  is 
little  wonder  that  the  concept  of  the  ideal,  single-issue  protective  suit  system  has  fallen  short 
of  its  ultimate  objective.  As  stated  by  researchers  in  the  field  of  environmental  physiology,  no 
single  suit  system  can  supply  that  level  of  comfort  required  for  military  flight  and  at  the  same 
time  supply  the  necessary  protection  in  the  emergency  environment  of  extreme  dry  cold  or  cold  water 
inmersion. 

With  the  range  of  PSS  subjected  to  physiological  evaluation  in  this  laboratory  and  in  the  case 
of  other  suit  systems  tested  in  different  research  areas,  some  answer  making  use  of  the  inflatable 
life  raft  as  an  integral  part  of  the  overall  system  becomes  apparent.  Two  possibilities  are 
suggested:  (1)  a  PSS  for  the  extreme  environment  in  the  form  of  a  MK5A  dry  suit  in  combination  with 
a  raft  with  inflatable  floor  and  canopy;  and  (2)  a  PSS  of  lesser  overall  insulation  for  the  inter¬ 
mediate  environment  under  the  same  raft  conditions.  In  either  case,  it  would  appear  that  the 
totally  Inflatable  life  raft  is  an  integral  link  in  the  extension  of  survival  and  recovery  times. 
This  fact  has  been  demonstrated  in  the  work  reported  wherein  actual  exposures  of  up  to  8  hours 
duration  using  a  moderate  level  of  insulation  have  been  attained  in  0°C  water. 

Significantly,  the  work  of  Hall  et  all  (5)  has  demonstrated,  on  the  basis  of  thermal  insula¬ 
tion  with  the  copper  manikin  as  the  responsive  subject,  the  potential  increase  of  protection  in  life 
raft  exposures  by  the  use  of  a  survival  heater  with  propane  as  fuel,  and  by  the  use  of  infrared 
reflective  plastic  material. 

All  suits  reported  on  In  the  course  of  this  program,  namely,  the  MK5A  exposure  suit  assembly, 
the  divers'  wet  suit,  and  the  polyvinylchloride  suit  possess  some  merit  as  PSS.  Each  suit  system, 
however,  must  be  considered  in  view  of  mission  requirements,  involving  the  nature  of  the  aircraft, 
and  the  anticipated  environmental  conditions,  both  durinq  flight  and  in  the  event  of  emergency 
exposure.  It  is  considered  that  the  protective  characteristics  of  the  above-mentioned  suit  systems 
would  be  substantially  Increased  by  the  Integrated  use  of  the  totally  inflatable  life  raft  in  the 
extreme  cold  water  environment,  if  the  maintenance  of  relative  thermal  comfort  during  the  flight 
phase  can  be  assured  by  appropriate  thermal  conditioning. 
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The  severe  physiological  effects  of  cold  water  inmersion,  despite  exposure  suit  protection, 
has  not  only  been  Indicated  bv  the  work  reported  herein  but  more  especially  emphasized  in  the  works 
of  Beckman  (1),  (2),  Milan  (9),  and  Molnar  (10).  The  problem  of  extremity  protection  and  severe 
hypothermia  was  also  emphasized  by  Cannon  (4)  who  observed  that  subjects  were  incapable  of  helping 
themselves  after  20  minutes  in  4°C  water.  It  should  be  noted  that  the  cold  stress  imposed  on 
laboratory  subjects  may  not  at  all  compare  to  the  actual  combined  stress  of  extreme  temperature, 
extended  duration,  execution  of  recovery  maneuvers,  psychophysiological  impairment,  and,  most 
important  of  all,  the  very  real  possibility  of  even  limited  injury,  all  incurred  to  some  degree  in 
the  course  of  the  emergency  event.  While  we  are  prone  to  extend  the  actual  exposure  time  attained 
in  the  simulated  environment  and  based  on  some  physiological  measure  for  extimates  of  survival,  the 
above-mentioned  elements  operative  in  the  real  emergency  environment  may.in  fact  reduce  experimental 
times  In  the  determination  of  survival  periods. 

In  the  broad  treatment  of  PSS  as  reported  herein,  the  tendency  was  to  gloss  over  the  considera¬ 
tion  of  special  areas  of  the  body  particularly  affected  by  the  cold  environment.  Reference  here  is 
made  to  extremity  protection.  Generally,  the  protection  afforded  these  areas  in  our  work  has  been 
in  the  form  of  materials  insulation,  e.g.,  wool  socks  and  insulated  flying  boots  for  the  feet  and 
wool  gloves  and  exposure  suit  mittens  for  the  hands.  In  the  main,  these  elements  of  thermal  protec¬ 
tion  are  not  completely  satisfactory  in  that  experimental  runs  have  been  terminated  by  reason  of 
extremity  temperatures  (8-10°C)  and  not  by  reason  of  body  temperatures  as  influenced  by  the  thermal 
characteristics  of  the  overall  suit  system  per  se.  Conservative  temperature  endpoints  are  used  in 
laboratory  exposures  in  order  to  insure  against  the  possibility  of  tissue  damage  and  at  the  same 
time  assure  the  return  of  the  subject  in  trials  on  a  scheduled  basis.  The  fact  remains  that  some 
dynamic  method  such  as  electrical  or  chemical  heating  must  be  explored,  since  materials  insulation 
alone  has  not  been  effective  in  maintaining  the  extremities  at  temperature  levels  supportive  of 
extended  protection. 

In  a  consideration  of  PSS  in  high  ambient  temperatures,  the  water-cooled  suit  has  demonstrated 
its  effectiveness  in  both  resting  and  exercising  subjects  in  the  limited  programs  herein  reported 
and  in  more  extensive  programs  reported  elsewhere  (3),  (15).  In  the  absence  of  a  water  condition¬ 
ing  system  fixed  within  the  aircraft,  the  WCS  making  use  of  portable  conditioning  units  represent  a 
possible  solution  to  the  problem  of  personnel  protection.  Making  use  of  a  portable  liquid  cooling 
system  using  wet  ice,  the  field  effectiveness  and  pilot  acceptability  of  a  water-cooled  vest  were 
determined  by  Hatlelid  et  al  (6)  during  simulated  and  actual  tropical  field  conditions  with  cockpit 
temperatures  ranging  between  75-115°F  and  relative  humidity  between  30-80%.  The  metabolic  heat 
sink  was  provided  by  cooled  water  pumped  in  a  closed  loop  from  ice  chest  to  the  garment.  Using  this 
system  in  our  laboratory,  findings  in  terms  of  the  maintenance  of  relative  thermal  comfort  and  of 
reduced  sweat  loss  in  ambient  temperature  of  115°F  for  2-4  hours  were  co -roborated.  The  arms  and 
legs,  not  receiving  the  advantages  of  water  cooling  with  the  vest-type  suit,  attained  temperatures 
which  approached  core  temperature  by  the  end  of  the  trial.  In  order  to  reduce  size,  weiqht,  and  to 
extend  the  time  of  effective  cooling,  attempts  in  our  laboratory  have  been  in  the  direction  of  a 
portable  system  making  use  of  dry  ice.  Interim  models  have  indicated  the  feasibility  of  such  a 
system  for  the  alleviation  of  thermal  stress  in  terms  of  sweat  loss,  body  temperature,  and  heart  rate. 

The  possibility  of  automatic  control  of  water  temperature  has  been  shown  in  a  study  (8)  based 
on  a  new  fluid  technology  in  which  fluid  streams  of  considerable  momentum  are  diverted  by  relatively 
low  energy  flows.  Fluidic  techniques  are  also  employed  in  the  use  of  skin  temperature  as  an  input 
signal  to  the  control  system.  The  overall  system  is  undergoing  modification  in  the  development  of  a 
multi-zoned,  automatically  controlled  liquid  coolinq  capability. 

While  most  attention  has  been  centered  on  water  conditioning  for  high  temperature  protection, 
the  conventional  air  ventilation  systems  have  received  some  additional  consideration.  In  a  study 
(7)  designed  to  make  maximal  use  of  circulating  cooling  gases,  ventilated  cooling  principles  have 
been  employed  on  a  simulated  sweating  arm  using  flows  up  to  1.5  ft3/min  and  skin-to-shield  separa¬ 
tions  of  0.4,  0.2,  and  0.1  inches.  The  mixing  of  warm  moist  air  from  the  skin  and  cool,  dry  venti¬ 
lating  air  was  observed  using  Schlieren  optics.  By  the  Insertion  of  baffles  through  the  shield  wall 
and  by  Introducing  fresh  ventilating  air  at  6-inch  intervals  along  the  sweating  arm,  evaporative  and 
total  cooling  capabilities  were  approximately  doubled. 

It  would  appear,  therefore,  that  the  ultimate  answer  to  the  problem  of  PSS  for  aircrevmiembers 
depends  on  such  studies  as  represented  by  the  multi-zoned,  automatically  controlled  water  condition¬ 
ing  systems  and  concomitantly  on  studies  concerned  with  more  effective  means  of  body  temperature 
control  using  ventilated  clothing  in  the  in-flight  environment.  For  the  emergency  environment  of 
dry  cold  and  cold  water  Inversion,  a  solution  depends  on  studies  concerned  with  auxiliary  extremity 
protection  and  with  an  increase  in  the  thermal  protective  properties  of  the  raft  system. 
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TABLE  I.  PHYSIOLOGICAL  COMPARISON  OF  VENTILATED 
AND  NON-VENTILATED  ANTI-EXPOSURE  SUITS 


SUIT 

AMB. 

TEMP. 

(°C) 

TOTAL 

WEIGHT 

LOSS  (gm) 

% 

WEIGHT 

DEFICIT 

RECTAL 

TEMP. 

(FINAL) 

(°C) 

Unventilated 

Impermeable 

15.5 

241 

0.27 

37.0 

33.6 

26.6 

604 

0.67 

37.5 

36.2 

37.7 

1058 

1.19 

37.6 

37.2 

Unventilated 
Permeabl e 

15.5 

210 

0.23 

37.1 

33.8 

26.6 

600 

0.67 

37.6 

34.7 

37.7 

692 

0.67 

37.7 

35.5 

Ventilated 

Impermeable 

15.5 

162 

0.18 

36.6 

31.9 

26.6 

298 

0.33 

36.8 

33.5 

37.7 

553 

0.62 

37.0 

34.4 

TABLE  II.  BODY  TEMPERATURES  AND  EXPOSURE  TIMES 
OF  SUBJECTS  WEARING  PROTECTIVE  SUITS 
IN  -6.6°C  AIR  AND  0°C  WATER 


CONDITION 

PROTECTIVE 

SUIT 

ASSEMBLY 

DURATION 
( HR : M I N ) 

RECTAL 

TEMP. 

(FINAL) 

(°C) 

MEAN  SKIN 

TEMP. 

(FINAL) 

(°C) 

1.  Immersion 
and  Flotation 

MK4 

0:52 

37.7 

27.3 

MK5 

0:58 

37.4 

28.0 

2.  Same  as  1 
with  Life  Raft 
Boarding 

MK4 

4:00 

36.3 

28.4 

MK5 

3:08 

36.2 

27.0 

3.  Same  as  2 
plus  Wind  Velo¬ 
city  (20  MPH) 

MK4 

3:00 

37.0 

27.6 

MK5 

2:18 

37.3 

23.2 
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TABLE  III.  EFFECTS  OF  VENTILATION  ON  BODY  TEMPERATURE,  WEIGHT  LOSS, 
AND  HEART  RATE  IN  A  40.6°C  (I05°F)  TEMPERATURE  ENVIRON¬ 
MENT  USING  THE  VWS  (ACED) 


Tv 

(°C) 

FLOW  RATE 

(LPM) 

Tr 

(°C) 

TWL 

(GMS) 

%  EVAP. 

HR 

(B/MIN) 

32.2 

300 

Al .55+ 

AO. 4+ 

552 

77.5 

A7+ 

150 

A2.53+ 

A0.8+ 

560 

75.0 

Al  3+ 

23.9 

300 

Al .28+ 

AO.l- 

274 

84.0 

a2- 

150 

Al .33+ 

AO.O 

488  j  80.0 

A  5+ 

TABLE  IV.  EFFECTS  OF  VENTILATION  ON  BODY  TEMPERATURE,  WEIGHT  LOSS, 
AND  HEART  RATE  IN  A  32.2CC  (90°F)  TEMPERATURE  ENVIRON¬ 
MENT  USING  THE  VWS  (ACED) 


Tv 

(°C) 

FLOW  RATE 

(LPM) 

— 

Tr 

(°C) 

TWL 

(GMS) 

%  EVAP. 

Bl 

32.2 

300 

Al .20+ 

AO.l- 

262 

82.7 

a3- 

150 

Al  .71  + 

AO.  1  + 

270 

74.0 

Al- 

23.9 

. 

300 

A1.06+ 

AO.  8- 

200 

71.5 

a7- 

150 

A1.00+ 

AO.  1  + 

198 

66.0 

a2+ 

THE  WATER  COOLED  SUIT 


by 

Flight  Lieutenant  D. 


F.  Ingram 


RAF  Institute  of  Aviation  Medicine 
Farnborough,  Hants 


SUMMARY 


Some  literature  on  water  cooled  garments  is 
reviewed.  Several  problems  still  await  solution,  of 
these  the  ability  of  skin  sensation  to  guide  the 
correct  selection  of  inlet  temperature  to  maintain 
thermal  balance,  and  the  effect  of  vasoconstriction 
on  the  performance  of  the  suit  are  discussed  in 
detail. 
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THE  CONCEPT  OF  personal  cooling  for  aviators  developed  significantly  following  the  advent  of  gas 
turbine  propulsion.  In  practice  air  has  always  been  used  as  the  cooling  agent.  During  recent 
years,  however,  great  interest  has  been  shown  in  water  cooling  systems.  This  is  because  the  use 
of  water  as  a  cooling  agent  theoretically  reduces  the  pumping  power  required  by  a  thousandfold 
due  to  the  higher  specific  heat  of  water  and  the  improved  mechanical  efficiencies  of  pumping  a 
liquid  rather  than  a  gas,  (Burton  and  Collier,  1964  and  Crocker  et  al,  1964).  Cooling  is  effected 
by  a  process  of  heat  conduction.  Cold  water  passing  over  skin  in  a  hot  environment  extracts  heat 
entering  the  skin  together  with  the  metabolic  heat  load. 

THE  DEVELOPMENT  OF  BRITISH  WATER  COOLED  SUITS 


Burton  and  Collier  designed  some  garments  to  test  the  efficiencies  of  a  water  cooling  system. 
They  first  described  their  suits  in  1964.  These  original  suits  consisted  of  a  stretch  material 
through  which  was  threaded  a  network  of  small  water  pipes  held  in  direct  contact  with  the  skin. 
Using  these  suits  they  developed  a  general  hypothesis  for  personal  water  cooling,  (Burton  and 
Collier,  Jan  1965).  They  gave  performance  equations  as  follows: 


Where 


Q 

•  mCpe  (33  -  TJfJ) 

(1) 

T 

IN 

■  33  -  Q/mCpe 

(2) 

e 

-  1  -  exp  (-AU/mCp) 

(3) 

Q 

•  The  cooling  rate 

Real /hr 

m 

»  Mass  flow 

Rgm/hr 

Cp 

•  Specific  heat 

Rcal/gm/°C 

tin 

■  Inlet  temperature 

°C 

e 

•  Effectiveness  of  the 

suit  as  a  heat  exchanger 

T  T 

OUT  -  IN 


33  -  T 


IN 


OUT 

A 

U 


Outlet  temperature  from  the  suit 
The  total  wetted  area  of  the  suit 
The  overall  heat  transfer  coefficient 


cal/cm^/hr/°C 


(This  last  value  includes  components  for  a  man's  skin  -  the  pipe 
material  between  the  skin  and  the  water  in  the  pipes,  including 
the  outer  surface  of  the  water.) 

BURTON  AND  COLLIER'S  EQUATIONS  imply  that  the  heat  extracted  by  the  suit  and  the  inlet  tempera¬ 
ture  will  be  linearly  related  assuming  constant  mass  flow,  skin  temperature  and  conductance.  They 
assumed  that  a  minimum  inlet  temperature  of  0  C  would  be  practicable,  and  from  this  predicted  that 
the  maximum  amount  of  cooling  available  from  their  suit  would  be  approximately  480  Real /hr.  Burton 
and  Collier  also  tested  20  subjects  in  one  climate  and  at  one  suit  water  flow  rate  to  discover  the 
range  of  cooling  rates  chosen  by  the  subjects.  They  found  an  unexpectedly  wide  choice  of  inlet 
temperatures  and,  hence,  cooling  rates,  and  suggested  that  this  might  be  due  to  differing  thermal 
states  existing  before  the  experiments  or  to  incorrect  interpretation  of  sensory  information  from 
the  skin.  Should  the  latter  interpretation  be  correct,  and  it  is  certainly  a  possibility  in  view 
of  the  abnormal  distribution  of  skin  temperature  caused  by  the  proximity  of  cold  water  pipes,  it 
may  prove  a  serious  disadvantage  for  this  system  of  personal  conditioning. 

Allan  (May  1966  and  Feb  1966)  using  a  similar  suit  redesigned  to  remove  unpleasantly  cold 
areas  showed  that  the  normal  skin  temperature  distribution  associated  with  comfort  (Kerslake,  1964) 
was  not  to  be  found.  The  mean  skin  temperature  fell  progressively  as  the  environmental  temperature 
increased.  The  abnormal  distribution  was  most  noticeable  at  the  coldest  inlets.  Probably  because 
of  an  intolerance  to  these  low  skin  temperatures  his  subjects  allowed  their  body  temperatures  to 
rise.  The  extent  to  which  this  might  effect  their  performance  whilst  flying  could  not  be  assessed. 
He  also  found  a  non  linear  relationship  between  the  chosen  inlet  temperature  and  the  heat  extraction 
rate,  and  suggested  that  there  were  changes  in  skin  heat  conductance  with  low  inlet  temperatures. 

In  another  series  of  experiments  these  early  water  cooled  suits  were  found  to  be  effective  in 
cooling  three  subjects  in  several  warm/hot  climates  (Clifford,  1964). 

During  this  experimental  work  ntsserous  mechanical  difficulties  had  been  encountered  which  made 
the  suits  unreliable.  These  problems  consisted  mainly  of  snagging,  kinking  and  brittleness  in  the 
small  polyvinyl  pipes  and  some  aspects  of  the  problems  were  investigated,  (Collier,  1965).  A  new 
series  of  garments  were  designed  to  overcome  these  problems  by  having  the  small  distribution  pipes 
enclosed  in  fabric  tunnels.  It  was  expected  that  a  layer  of  material  between  the  skin  and  the 
water  pipes  would  reduce  the  effectiveness  of  the  suit.  Two  harness  sizes  were  developed.  The 
first  similar  in  length  to  the  original  suits  having  65  metres  of  distribution  pipes  and  a  second 
having  130  swtres  of  distribution  pipes  which  it  was  hoped  would  permit  the  use  of  higher  inlet 
temperatures.  The  tunnels  were  either  mounted  next  to  the  skin  (internally)  or  away  from  it 
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(externally) .  Suite  were  alio  designed  using  two  layers  of  stretch  material .  These  suits  were  so 
constructed  that  the  pipes  were  lying  in  tudnels  between  the  two  layers  of  the  suit. 

THE  EXTERNALLY  TUNNELLED  SUIT  was  first  described  (Burton  and  Collier,  July  1965)  with  65 
metres  of  tubing.  They  concluded  that  although  comfort,  ease  of  dressing  and  resistance  to  kinking 
had  been  iup  roved,  this  had  been  at  the  expense  of  thermal  performance.  The  range  of  climates  in 
which  the  suit  could  be  expected  to  maintain  thermal  balance  was  reduced.  This  type  of  suit,  under 
lightweight  flying  clothing,  was  testgd  in  Libya  (Collier  and  Williams,  1965)  and  found  subjectively 
satisfactory  in  dry  climates  up  to  52  C.  However  it  was  noted  that  the  suit  was  very  warm  when 
unconditioned  and  difficult  to  take  on  and  off  if  the  suit  was  damp  or  if  the  subject  was  sweating. 
The  suit  was  also  found  to  be  liable  to  leaks. 


The  effects  of  humidity  were  investigated  on  an  externally  tunnelled  65  metre  pipe  harness 
suit,  (Allan,  July  1966).  He  found  no  significant  difference  in  the  choice  of  inlet  temperature 
between  dry  and  humid  environments,  but  again  a  wide  variation  in  choice  of  inlet  temperature. 
There  was  however  a  significant  increase  in  the  overall  heat  extracted  in  the  humid  environments 
and  he  suggested  that  this  was  due  to  the  condensation  of  water  vapour  on  the  cold  pipes  which 
also  increased  the  amount  of  cooling  required  by  the  conditioning  system.  His  subjects  ggain 
failed  to  maintain  thermal  balance  and  allowed  their  body  temperature  to  rise  by  up  to  1°C  with  an 
accompanying  increase  in  sweating.  He  thought  that  subjects  preferred  to  allow  their  body 
temperature  to  rise  rather  than  lower  the  inlet  temperature  still  further  and  suggested  that  this 
may  have  been  due  to  overcooling  of  those  areas  protected  from  the  environment  in  a  seated  pilot, 
that  is  the  buttocks  and  back. 


FLluHT  TRIALS  were  carried  out  using  a  single  seat  Lightning  aircraft.  The  following  types 
of  water  cooled  suit  were  used  during  the  trials: 

1.  An  externally  tunnelled  water  cooled  suit  with  a  65  metre  pipe  harness. 

2.  An  internally  tunnelled  water  cooled  suit  with  a  65  metre  pipe  harness. 

3.  A  double-layered  water  cooled  suit  with  a  130  metre  pipe  harness. 


The  Flight  Trial  report  (Dover,  1967)  made  no  clear  distinction  in  the  merits  of  individual  suits. 
The  suits  used,  on  subjective  grounds,  appeared  to  be  satisfactory  cooling  garments  in  aircraft 
cabin  temperatures  up  to  40  C.  Dover  suggested  that  on  purely  engineering  grounds,  it  was  unlikely 
that  an  inlet  temperature  lower  than  2°C  would  be  practicable  because  of  heat  leakage  between  the 
conditioning  unit  and  the  suit.  In  this  particular  trial  he  suggested  that  the  available  cooling 
had  been  reduced  to  as  little  as  70ZQof  that  lgaving  the  conditioner  and  suggested  that  this  would 
probably  explain  the  reduction  to  40  C  from  52°C  in  the  upper  limit  of  climate  in  which  the  suits 
had  been  found  subjectively  acceptable.  He  also  suggested  that  one  way  of  overcoming  this  would 
be  the  use  of  anti-freeze  in  the  water  and  vapour  cycle  refrigerator  units.  The  effect,  of  several 
anti-freeze  solutions,  on  the  thermodynamic  efficiency  of  water  cooled  suits  was  investigated, 
(Camp,  1967).  He  demonstrated  that  the  choice  of  antifreeze  solution  was  dependent  on  whether  the 
system  was  to  be  lowered  to  -40  C  or  -20  C.  He  showed  that  the  reduced  specific  heat  of  the  water 
mixture  tested  would  not  greatly  reduce  the  efficiency  of  the  suits  and  add  to  the  pumping  power 
required.  However  no  work  has  been  carried  out  on  the  physiological  effect  of  very  cold  liquids 
passing  through  water  cooled  suits,  and  it  is  likely  they  would  be  unacceptable.  These  suits  also 
proved  liable  to  leaks  and  were  found  to  be  very  warm  when  unconditioned. 


Field  trials  of  similar  suits  were  carried  out  in  the  Far  East  (Williams  et  al,  1966),  and 
similar  smintenance  difficulties  were  found.  The  warm  nature  of  the  garments  when  worn 
unconditioned  was  also  confirmed. 


In  an  endeavour  to  further  examine  the  role  of  changes  in  skin  conductance  a  series  of  experi¬ 
ments  were  undertaken  by  the  author.  The  design  of  these  experiments  assumed  that  the  non  linear 
relationship  of  inlet  temperature  and  heat  extraction,  found  previously,  was  due  to  vasoconstriction 
occurring  either  locally  under  cold  pipes  or  more  generally  throughout  the  skin.  It  was  hoped  to 
show  that  skin  heat  conductance  fell  at  low  inlet  temperatures.  The  suit  used  was  a  double  layered 
130  metre  pipe  harness  suit,  and  the  experimental  approach  different  in  that  the  three  subjects 
did  not  choose  their  inlet  temperatures.  Each  subject  was  tested  at  several  fixed  inlet  tempera¬ 
tures  in  two  climates  of  50°C  dry  bu^b.  One  climate  was  dry  (wet  bulb  temperature  23°C),  and  the 
other  humid  (wet  bulb  temperature  36  C) .  By  not  allowing  the  subjects  to  choose  their  own  inlet 
temperature  it  was  hoped  to  reduce  the  variation  in  the  relationship  between  inlet  temperature  and 
heat  extraction  so  that  any  change  in  this  relationship  would  be  seen  more  easily.  However  the 
author  was  unable  to  demonstrate  a  non  linearity  between  inlet  temperature  and  heat  extraction  but 
showed  that  it  was  similar  in  range  to  that  found  by  Burton  and  Collier  in  their  seriss  of  twenty 
subjects  (fig  14,  Burton  and  Collier,  Jan  1965).  It  should  be  emphasised  that  these  experiments 
were  done  using  a  double  layered  suit  which  is  likely  to  cause  a  less  marked  effect  on  skin  tempera¬ 
ture  than  was  found  by  Allan  (May  1966)  using  the  original  suits,  but  similar  to  his  results  using  the 
first  tunnelled  suits  when  he  did  not  confirm  his  original  curved  relationship  between  inlet 
temperature  and  heat  extraction  (Allan,  1966) . 

It  appears  from  American  work  that  similar  problems  to  those  noted  in  British  work  have  been 
encountered  by  several  teams  of  workers  developing  cooling  systems  for  the  American  Forces  and  the 
Space  Programme.  Webb  and  Annis  (1967)  have  shown  that  vasoconstriction  occurs  at  very  low  inlet 
temperatures  in  the  particular  conditions  of  their  experiments.  These  were  quite  different  to  the 
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British  experiments  end  involved  exercising  men  in  a  situation  where  metabolic  heat  had  to  be 
removed.  Their  suit  allows  a  much  greater  contact  as  in  between  water  pipes  and  skin  than  in  any 
British  suit.  With  this  more  efficient  suit  they  also  found  that  subjective  control  of  inlet 
temperature  was  not  satisfactory  in  maintaining  thermal  equilibrium  during  strenuous  exercise. 

Over  cooling  resulted  in  vasoconstriction  which  permitted  a  further  fall  in  skin  temperature  from 
its  expected  subnormal  level.  However  when  subjects  had  too  low  an  inlet  temperature,  (were  over¬ 
cooled),  their  rectal  temperatures  rose  and  the  heat  removed  by  the  suit  became  much  less  than  the 
heat  produced  by  the  exercise.  But  as  expected,  under  cooling  was  accompanied  by  increases  in 
rectal  temperature  and  accompanied  by  sweating  which  made  the  clothing  unnecessarily  wet. 

They  considered  that  the  appropriate  control  of  inlet  temperature  during  exercise  was  oxygen 
consumption.  They  showed  that  thermal  equilibrium  could  be  maintained  satisfactorily  at  several 
varied  exercise  rates  using  this  method. 

DISCUSSION 


The  interest  in  water  cooled  suit  systems  is  unlikely  to  wane  in  the  foreseeable  future.  The 
system  was  originally  investigated  as  a  possible  competitor  to  the  air  ventilated  suit  systems. 
Although  there  is  little  doubt  that  water  cooled  suits  are  promising  cooling  garments,  the  subjec¬ 
tive  control  of  this  cooling  appears  to  be  more  difficult  than  was  originally  anticipated. 

Both  British  and  American  studies  have  demonstrated  rises  in  central  body  temperatures 
(measured  in  mouth  or  rectum),  when  subjects  have  control  of  the  inlet  temperature.  The  similarity 
in  findings  of  these  experiments  may  suggest  a  similar  causal  mechanism.  It  would  appear  that 
impaired  peripheral  thermal  sensation  may  be  responsible.  It  seems  likely  that  vasoconstriction 
in  the  skin  is  caused  by  the  use  of  low  inlet  temperatures  and  that  this  may  limit  the  performance 
of  the  suit. 

Because  impaired  peripheral  sensation  may  be  responsible  for  the  wide  range  of  inlet 
temperatures  chosen,  trial  results  that  rely  solely  on  subjective  opinion  should  be  interpreted 
with  caution. 

Whether  or  not  the  water  cooled  suit  will  ultimately  prove  to  be  a  better  solution  to  the 
problem  of  personal  conditioning  than  the  air  ventilated  suit  systems  is  not  clear  at  the 
present  time.  Improvements  to  the  suit  may  well  overcome  the  difficulties  of  control  and 
remove  the  risk  of  undetected  rises  of  central  body  temperature,  but  its  ultimate  success  or 
failure  is  more  likely  to  depend  upon  the  performance  of  the  conditioning  equipment  both  in  the 
aircraft  and  on  the  ground. 
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SUMMARY 


The  inability  to  provide  satisfactory  protection  from  high  intensity  flashes  of  light  by  use 
of  fixed  density  goggles  without  at  the  same  time  severely  reducing  the  light  available  for  per¬ 
formance  of  visual  tasks  has  led  to  a  search  for  some  alternative  mode  of  protection.  The  ideal 
flashblindness  protection  system  would  be  one  which  has  an  open  transmission  of  one  hundred  per¬ 
cent,  places  no  restriction  on  the  field  of  view,  iwnediately  attenuates  the  light  with  a  density 
just  sufficient  to  prevent  a  change  in  vision  with  the  onset  of  the  flash  and  clears  automatically 
as  the  light  level  is  reduced.  The  ideal  system  is  not  in  the  forseeable  future.  The  most  recent 
development  in  flashblindness  protection  is  the  Navy  Photometric  System  which  provides  a  dynamic, 
indirectly  actuated,  automatically  clearing  goggle.  The  characteristics,  advantages  and  disadvan¬ 
tages  of  the  system  are  described. 
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FLASHBLINDNESS  PROTECTION  SYSTEM 


Gloria  T.  Chisum,  Ph.D. 


Flashblindness,  the  temporary  loss  of  useful  vision  following  exposure  to  a  high  intensity 
flash  of  light,  has  been  recognized  as  a  problem  for  a  number  of  years.  The  special,  and  poten¬ 
tially  critical,  significance  of  this  problem  for  pilots  of  high  performance  aircraft  has 
prompted  the  search  for  realistic  methods  of  flashblindness  protection  and  a  large  number  of 
approaches  have  been  considered.  Some  of  these  methods  are  listed  in  Figure  1.  Of  the  methods 
listed  in  this  table  as  passive,  the  eye  blink  response  is  too  slow  to  prevent  a  prolonged  change 
in  the  adaptation  level  of  the  eye  following  exposure  to  a  flash  of  light.  The  eye  patch  provides 
protection  from  one  flash  since  one  eye  is  completely  covered  while  the  second  eye  is  exposed. 

In  addition  to  eye  damage,  the  wearer  of  an  eye  patch  pays  the  penalty  of  reduction  of  depth  per¬ 
ception  and  field  of  view. 

With  one  exception,  the  fixed  filters  which  afforded  satisfactory  protection  were  too  dense 
to  be  worn  continuously.  The  one  exception  is  a  1  to  2%  transmitting  gold-coated  visor  shown  in 
Figure  2.  The  transmittance  of  this  visor  is  highest  between  510  to  520  nanometers  and  is  least 
in  the  infrared  region  of  the  spectrum  where  the  reflectance  of  the  gold  is  highest.  Vision 
through  the  visor  is  good  when  the  ambient  light  level  is  high.  When  the  anbient  light  level  is 
low,  as  at  dawn,  dusk,  under  a  dense  overcast  and,  of  course,  at  night,  vision  through  the  visor 
is  too  poor  to  be  tolerated  by  pilots.  During  bright  daylight,  the  visor  does  provide  adequate 
protection. 

Some  of  the  dynamic,  or  automatic,  methods  of  providing  protection  that  have  been  considered 
are  listed  in  the  table  according  to  the  shuttering  principle  employed.  Among  those  listed  as 
mechanical,  the  only  one  which  has  been  pursued  beyond  the  feasibility  stage  is  an  explosively 
actuated  lens  filter,  usually  referred  to  by  the  acronym  ELF.  The  ELF  system  is  shown  in  Figure  3. 
The  ELF  system  consists  of  a  sensor  and  an  explosive  lens  mounted  on  a  modified  APH-5  helmet  com¬ 
bined  with  a  small  trigger  and  power  pack  which  are  carried  on  the  man.  The  lens  is  shown 
diagrammatically  in  Figure  4.  When  the  mild  detonating  charge,  shown  at  the  top  center  of  the 
diagram,  is  activated  following  an  appropriate  environmental  light  change,  a  colloidal  suspension 
of  carbon  is  driven  from  its  reservoir  into  the  chamber  formed  by  the  double  lens.  The  inner 
surfaces  of  the  lenses  are  coated  by  the  suspension  and  extremely  high  densities  are  reached  within 
a  few  hundred  microseconds  following  the  occurrence  of  a  stimulus.  The  wearer  is  then  effectively 
blind  until  the  lens  is  removed  and  replaced  by  a  fresh  one.  A  nunber  of  spare  lenses  must  be 
carried  by  a  user  of  this  system  and  in  addition,  a  secondary  enclosure  must  be  provided  to  afford 
protection  while  the  spent  lens  is  removed  and  replaced.  The  ELF  system,  therefore,  is  considered 
to  be  an  interim  method  of  protection  until  a  more  satisfactory  system  is  perfected.  The  system 
does  provide  protection  under  most  circumstances,  but  the  burden  placed  on  a  user  is  too  great  to 
be  tolerated  indefinitely. 

Of  the  various  types  of  polarizing  devices  which  have  been  proposed,  all  have  been  regarded 
as  unacceptable  for  two  basic  reasons.  The  inherent  transmittance  of  the  devices  in  the  open  state 
is  low,  and  the  field  of  view  through  the  devices  is  too  small  unless  they  are  used  in  conjunction 
with  an  optical  system. 

A  large  number  of  chemical-molecular  approaches  have  been  proposed  as  solutions  to  the  problem 
of  eye  protection.  Some,  such  as  fast-plating  techniques,  have  not  shown  sufficient  promise  to  be 
carried  beyond  feasibility  studies;  others,  such  as  photochromic  compounds,  and  triplet  state 
enzymes,  have  shown  sufficient  promise  to  be  pursued  beyond  the  preliminary  stages  of  investigation. 
A  photochromic  flashblindness  protection  device  has  been  developed  for  the  United  States  Navy  that, 
although  not  ideal,  does  represent  a  considerable  inprovement  over  existing  devices  in  several 
respects,  a  major  one  being  automatic  reversibility. 

This  device  is  a  helmet  and  goggle  configuration  as  contrasted  to  some  other  designs  that  have 
used  configurations  adapted  to  wind  screen  segments  and  optical  system  components.  The  Navy  photo¬ 
chromic  system  is  shown  schematically  in  Figure  5. 

The  system  consists  of  a  light  sensitive  detector,  a  trigger,  a  power  supply  and  the  goggle. 

The  light  sensitive  detector  and  associated  circuitry  are  mounted  on  a  specially  modified  APH-5 
helmet.  The  response  of  the  detector  circuit  to  appropriate  environmental  light  changes  activates 
the  trigger  circuitry  which  in  turn  activates  the  discharge  circuitry  of  the  power  supply  to  initi¬ 
ate  the  flash  tube  action.  The  result  of  the  flash  tube  activation  is  a  decrease  in  the  transmit¬ 
tance  of  the  goggle.  The  active  material  in  the  goggle  is  a  small  quantity  of  photochromic  chemical 
in  solution.  The  solution  is  clear  in  the  unactivated  state,  and  becomes  colored  when  exposed  to 
ultraviolet  radiation.  The  solution  reverts  to  the  clear  state  when  the  ultraviolet  exposure  ends. 
Ultraviolet  filters  are  mounted  between  the  flash  tubes  and  the  photochromic  wedge  cells.  When  the 
flash  tubes  are  activated,  the  visible  portion  of  the  flash  tube  spectral  emission  is  absorbed  and 
the  ultraviolet  portion  passes  through  the  filter  to  the  wedge  cell.  The  wedges  distribute  the 
ultraviolet  energy  through  the  photochromic  solution  uniformly  so  that  the  entire  goggle  area  is 
colored  to  the  same  density.  The  density  is  not,  however,  spectrally  uniform,  or  neutral.  Figure  6 
shows  the  transmission  of  a  typical  photochromic  dye  as  it  is  exposed  to  increasing  amounts  of 
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Figure  1.  Flashblindness  Protection  Methods 
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Figure  4.  ELF  Lens  Diagram 
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Figure  3.  ELF  Flashblindness  Protection  System 
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Figure  5.  Photochromic  Flashblindness  Protection  System  Diagram 
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Figure  6.  Transmission  of  a  Typical  Photochromic  Dye 
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ultraviolet  energy.  The  top  line  in  the  figure  represents  the  transmission  in  the  unactivated 
state.  Each  line  below  the  top  line  represents  the  transmission  following  exposure  to  increasing 
intensities  of  ultraviolet  energy.  The  photochromic  materials  develop  little  density  in  the  blue 
and  red  ends  of  the  spectrum.  For  this  reason  fixed  filters  have  been  used  in  the  goggle  to  pro¬ 
vide  density  in  the  regions  in  which  the  photochromic  solution  develops  little  density. 

In  the  Navy  goggle,  the  fixed  filters  are  a  blue  absorbing  filter  and  an  infrared  -  near 
infrared  absorbing  filter  shown  in  the  diagram  in  front  of  the  photochromic  wedge  cell.  The  light 
passes  first  through  the  two  fixed  filters,  then  through  the  photochromic  wedge  cells  and  then  to 
the  eyes.  The  result  of  using  the  fixed  filters  is  to  reduce  the  open  transmission  of  the  goggles 
to  between  forty  and  fifty  percent.  The  spectral  transmission  of  the  goggle  in  the  open  state  is 
shown  in  Figure  7.  The  goggle  appears  yellow  in  the  unactivated  or  open  state.  The  subjective 
effect  of  the  selective  transmission  of  the  goggle  is  better  visibility  than  would  be  experienced 
through  a  neutral  filter  of  the  same  density  because  the  goggle  is  an  effective  hate  filter.  The 
closed  density  of  the  goggle  is  a  function  of  the  sensitivity  of  the  photochromic  material,  the 
width  of  its  absorption  band,  the  sideband  filters,  the  amount  of  ultraviolet  activating  energy 
per  unit  area,  and  the  optical  configuration.  There  are  some  trade-offs  which  must  be  made  regard¬ 
ing  each  of  these  parameters.  The  combination  of  parameters  which  have  been  selected  for  the  Navy 
system  is  the  one  deemed  most  suitable  for  the  purpose  on  the  basis  of  flash  stimulus  estimates, 
and  the  eye  response  data  which  are  available.  Since  the  photochromic  molecule  reacts  to  the 
absorption  of  a  quantum  of  ultraviolet  energy  within  a  fraction  of  a  microsecond,  the  time  required 
to  close  the  shutter,  or  goggle,  is  dependent  almost  entirely  upon  the  time  required  to  deliver  the 
ultraviolet  energy  to  the  photochromic  cell. 

The  closure  time,  therefore,  is  determined  uy  the  characteristics  of  the  electronic  flash 
circuitry  and  the  flash  tubes.  The  current  prototype  of  the  system  makes  use  of  the  most  optimized 
combinations  of  electronic  flash  characteristics  available.  The  peak  density  of  the  system,  is 
reached  within  microseconds  following  the  onset  of  an  intense  light  source.  The  goggle  clears 
within  a  few  seconds  following  activation.  The  system  can  be  operated  repetitively  and  withstands 
many  operations  before  any  noticeable  deterioration  occurs. 

The  most  recent  prototype  of  the  system  is  shown  in  Figure  8.  Two  light  sensitive  detectors 
and  the  trigger  circuitry  are  located  on  the  helmet  above  the  goggle.  The  power  supply  must  be 
mounted  in  the  aircraft  and  receives  power  from  the  aircraft.  The  goggle  and  associated  components 
are  mounted  on  a  movable  visor  attachment  on  the  helmet. 

An  ideal  flashblindness  protection  system  would  be  one  in  which  the  open  state  transmission 
is  nearly  100  per  cent,  which  places  no  restriction  on  the  field  of  view,  which,  with  an  increase 
in  ambient  light  level,  whether  from  a  weapon  flash  or  some  other  source,  instantaneously  attenu¬ 
ates  the  litf»t  with  a  density  just  sufficient  to  prevent  a  change  in  vision,  which  clears  as  the 
light  level  decreases,  has  an  override  control  available  to  the  user  and  which  transmits  maximally 
in  the  event  of  z  power  failure.  Such  a  device  is  not  technologically  feasible  at  the  present 
time.  Although  there  are  shortcomings,  the  photochromic  system  does  represent  a  considerable  im¬ 
provement  over  previous  systems  in  terms  of  the  ideal  system  characteristics. 
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SUMMARY 


Bed  rest  has  become  accepted  as  a  reasonable  experimental  model  for  the  study 
of  weightlessness.  Changes  In  cardiovascular  regulatory  mechanisms  occur 
after  prolonged  bed  rest  and  are  manifested  by  orthostatic  intolerance  and 
reduced  work  capacity. 

Exposure  to  inactivity  produces  a  gradual  decrease  in  cardiac  stroke  volume 
and  a  rise  in  resting  pulse  rate.  There  is  also  a  decrease  in  oxygen  transport 
capability.  These  changes,  combined  with  a  decrease  in  plasma  volume  and 
red  cell  mass  and  a  loss  of  skeletal  muscle,  produce  a  significant  decrease 
in  work  capacity  which  fails  to  completely  return  during  three  weeks  ambulation. 
Prevention  of  this  deconditioning  by  exercise  during  bed  rest  appears  to  be 
feasible  and  is  being  studied. 

Orthostatic  intolerance  resulting  from  bed  rest  was  not  obviated  by  restoration 
of  plasma  volume  using  drugs  but  can  be  obviated  by  exposure  to  lower  body 
negative  pressure  during  the  final  few  days  of  bed  rest.  Decreased  sympathetic 
nervous  activity  appears  to  be  a  factor  in  producing  this  intolerance  but  other 
factors  may  be  important.  Unlike  the  decreased  work  capacity,  orthostatic 
tolerance  tends  to  be  restored  within  48  to  72  hours  of  ambulation. 
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CARDIOVASCULAR 

THE  PURPOSE  of  the  cardiovascular  system  (CVS)  is  to  provide  the  environment 
necessary  for  cellular  life  and  function  under  a  variety  of  changing  circum¬ 
stances  .  This  cellular  environment  is  provided  by  an  adequate  exchange  of 
gases,  nutrients,  electrolytes,  water,  enzymes,  hormones  and  by-products 
of  metabolism.  The  provision  of  this  environment  by  the  CVS  is  dependent 
upon  the  integrity  of  a  number  of  integrated  and  inter -dependent  functions. 

At  resi,  or  in  basal  conditions,  considerable  reserve  is  present  in  each  function 
and  therefore  in  the  CVS  as  a  whole.  The  system  may  be  stressed  to  maximum 
response  in  a  variety  of  ways  under  which  circumstances  a  decrement  in  the 
capacity  of  any  one  function  results  in  a  decrement  in  the  overall  function. 
Exposure  of  man  to  orbital  space  flight  has  provided  a  new  environment  and 
a  new  stress  not  encountered  previously,  i.e.  weightlessness.  Added  to 
the  weightless  state  are  other  factors  affecting  the  CVS  such  as  psychic 
stress,  inactivity,  confinement,  high-G  loading,  reduced  atmospheric  pressure, 
etc. 

Data  gathered  from  orbital  space  flight  to  date  indicate  a  decrement  in  the  CVS's 
ability  to  respond  to  stress.  Decreased  work  tolerance  and  decreased  ortho¬ 
static  tolerance  with  a  tendency  to  syncope  has  been  noted  on  return  to  earth 
from  orbital  flight5. 

Water  immersion  for  short-term  study  and  bed  rest  for  prolonged  study  have 
become  accepted  experimental  models  for  ground-based  studies  of  weightless¬ 
ness.  Changes  in  the  cardiovascular,  metabolic  and  musculoskeletal  systems 
induced  by  bed  rest  simulate  those  observed  during  zero  gravity.  Bed  rest 
imposes  a  state  of  inactivity  and  confinement  inherent  in  the  present  generation 
of  spacecraft  and  in  addition  removes  the  effect  of  gravity  from  the  long  axis 
of  the  body.  A  review  of  studies  from  the  literature  and  bed  rest  studies  in 
our  own  laboratory  will  be  the  subject  of  this  presentation. 

Upon  assumption  of  recumbency  or  weightlessness,  the  hydrostatic  pressure 
of  the  column  of  blood  from  the  heart  to  the  feet  is  obviated  and  there  occurs 
a  shift  centrally  of  about  12%  of  the  blood  volume1**,  a  diuresis  of  both  water 
and  sodium  ensues  as  a  result  of  the  increased  stretch  receptor  outflow  from 
the  central  venous  bed4<9  (Figure  1).  The  stretch  reflexes  initiated  by  the 
shifted  volume  reduce  the  production  of  antidiuretic  hormone  and  cause  an 
increase  in  free  water  excretion  by  the  kidney.  The  same  or  similar  volume 
receptor  reflexes  and  probably  osmole  receptors  may  decrease  aldosterone 
=ecretion  and  therefore  increase  sodium  excretion  by  the  kidney**,  .  The 
result  is  a  decrease  in  plasma  volume  from  300-800  ml  with  an  average  loss 
of  about  500  ml  (Figure  2). 

Red  cell  mass  (RCM)  has  been  shown  to  decrease  by  an  average  of  183  ml  in 
35  days  of  bed  restiS  (Figure  2).  This  change  is  apparently  the  result  of 
decreased  RBC  production.  Increased  tissue  oxygen  supply  relative  to  need 
during  the  inactivity  period  may  be  the  prime  cause,  resulting  in  decreased 
production  and/or  activation  of  erythropoietin,  the  hormone  which  has  been 
shown  to  be  capable  of  regulating  red  cell  development.  Upon  return  to 
activity  in  a  normal  gravity  field  there  appears  to  be  a  slight  hemolysis  of 
red  cells  presumably  due  to  direct  trauma  to  the  red  cells  from  activity.  This 
further  exaggerates  the  RCM  loss  and  slows  return  to  normal. 
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Inactivity  leads  to  a  gradual  decrease  in  stroke  volume  and  therefore  a  rise 
in  resting  pulse  rate.  Since  cardiac  output  (CO)  is  the  product  of  stroke 
volume  (SV)  x  heart  rate  (HR)  and  since  maximum  HR  response  to  work  is 
relatively  fixed  for  a  given  individual,  this  usually  results  in  a  decrease 
in  maximum  CO  capability. 

Inactivity  of  skeletal  muscle  leads  to  loss  of  muscle  mass  and  muscle 
strength7.  Independent  of  both  these  factors  may  also  be  loss  of  endurance 
for  muscle  work.  These  changes  may  affect  not  only  muscles  of  locomotion 
but  also  muscles  of  ventilation  and  result  in  a  decreased  ability  to  move 
air  maximally  or  a  reduction  in  maximal  ventilatory  capability.  Decreased 
muscle  tone  and  contractile  force  may  also  reduce  the  component  of  venous 
return  related  to  muscular  effects . 

The  summary  of  all  of  these  decrements  results  in  a  significant  decrease  in 
work  capability.  Figure  3  demonstrates  the  results  of  exercise  stress  testing 
in  our  subjects  where  there  is  a  significant  decrement  in  work  performance 
as  seen  by  the  reduction  in  time  of  exercise  on  the  treadmill  to  reach  a 
heart  rate  of  180  or  to  reach  maximum  heart  rate  in  the  immediate  post  bed 
rest  period.  There  is  also  a  significant  decrease  in  oxygen  consumption 
expressed  as  cc's  per  kilogram  of  total  body  weight  or  cc's  per  kilogram  of 
lean  body  mass  per  minute.  At  three  weeks  post  bed  rest  there  remains  a 
significant  decrease  in  work  tolerance  as  compared  to  the  pre  bed  rest  period. 
Efforts  to  prevent  this  decrement  have  not  been  completely  successful 
although  studies  of  exercise  during  the  bed  rest  period  are  encouraging. 

Many  complex  physiologic  events  are  responsible  for  the  maintenance  of 
cardiovascular  integrity  in  the  upright  position  in  a  gravity  field.  A  vertical 
tilt  causes  a  rapid  caudal  shift  of  from  S00  to  750  ml  of  blood  in  the  venous 
system  resulting  in  a  decrease  in  SV  (-45%),  CO  (-27%)  and  cerebral  blood 
flow  (-2!%)2,16,24.  There  are,  in  addition,  other  alterations  which  are 
functionally  important  such  as  widespread  reflex  vaso-  and  veno-constriction 
based  on  pressoreceptor  activation,  a  lessened  cardiac  reserve  probably 
due  to  cardioinhibitory  reflexes27 >  and  hyperventilation7.  All  of  these 
influence  circulatory  performance  and  the  susceptibility  to  syncope. 

The  critical  cardiovascular  defect  in  postural  stress  intolerance  is  an 
inadequate  central  blood  volume2 5,  but  the  postural  stress  Intolerance  that 
follows  bed  rest  or  weightlessness  may  involve  other  factors  as  well.  The 
decrease  in  blood  volume  described  previously  as  associated  with  bed  rest 
or  weightlessness  would  be  expected  to  influence  tolerance  to  postural 
change.  That  this  is  not  the  paramount  factor  has  been  shown  by  the  con¬ 
tinued  orthostatic  intolerance  of  the  Gemini  astronauts  postflight  for  many 
hours  after  their  blood  volumes  returned  to  preflight  levels7  and  by  failure 
of  the  correction  of  blood  volume  using  9-alphaflurohydrocortisone  to 
obviate  the  orthostatic  intolerance  seen  post  bed  rest*® .  On  the  other  hand, 
exposure  of  subjects  to  lower  body  negative  pressure  during  the  final  few 
days  of  bed  rest  has  obviated  the  orthostatic  intolerance. 

Reflex  vaso-  and  veno-constriction,  mediated  via  the  sympathetic  nervous 
system  with  release  of  pressor  substances  such  as  norepinephrine  at 
vascular  nerve  endings  causing  vascular  smooth  muscle  contraction,  plays 
a  major  role  in  maintenance  of  central  venous  volume,  cardiac  output,  and 
flow  dynamics  in  response  to  the  upright  posture2 0.  It  has  therefore  been 
postulated  that  post  bed  rest  orthostatic  intolerance  may  be  based  on  a 
failure  of  adequate  sympathetic  responsiveness  which  would  be  reflected 
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by  a  decrease  in  norepinephrine  secretion.  Two  studies  in  this  regard  have 
been  contradictory  iii  results*® '  22 ,  while  a  later  study  confirms  the  decrease 
in  norepinephrine  excretion  during  bed  rest  and  points  up  the  normal  venous 
wall  response  to  exogenous  norepinephrine  and  the  alteration  of  venous 
response  to  tyramine  in  the  post  bed  rest  period,  suggesting  depletion  of 
endogenous  norepinephrine1 7. 

Whether  this  be  the  mechanism  or  not,  there  does  appear  to  be  an  enhanced 
venous  pooling  in  the  upright  posture  post  bed  rest  as  evidenced  by  the 
observed  increased  venous  engorgement,  dependent  cyanosis  and  Increased 
leg  circumference  on  tilt  in  these  subjects  *4  <  7 .  Decrease  in  tissue  turgor 
as  a  result  of  the  absence  of  hydrostatic  forces  normally  promoting  extra¬ 
vasation  of  fluid  into  tissue  spaces  in  the  upright  posture  may  remove  a 
significant,  contributory  mechanism  to  the  prevention  of  venous  pooling. 
Decreased  skeletal  muscle  tone,  strength  and  mass  may  have  a  similarly 
significant  role . 
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EXERCISE  STRESS  TESTING 

HEART  RATE  180  MAX 


£23  LEAN  BODY  MASS 


DAY-1  DAY-21  DAY-1  DAY-21 

Figure  3.  Exercise  Tolerance  Testing.  Upper  left  panel  shows  time 
to  reach  heart  rate  180;  lower  left  panel  demonstrates  V02  at  heart 
rate  180.  Vq2  expressed  in  cc/kg  total  body  weight  and  ccAg  lean 
body  mass;  upper  right  panel  shows  time  to  reach  maximum  heart 
rate;  lower  right  panel  shows  Vq2  at  maximum  exercise.  In  each 
panel  there  is  a  significant  decrease  at  1  day  post  bed  rest, 
and  at  3  weeks  recovery . 
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SUMMARY 


The  metabolic  and  hematologic  consequences  of  prolonged  bed  rest  have  been  correlated 
to  those  observed  and  postulated  in  weightlessness.  Some  are  a  result  of  a  change 
in  level  of  activity  and  others  are  secondary  to  a  change  in  posture. 

The  caloric  requirement  and  metabolic  rate  decreases.  The  nitrogen,  sulfur,  and 
potassium  balances  become  negative.  Their  ratio  indicates  depletion  of  muscle 
mass.  The  calculated  total  muscle  mass  loss  over  a  six  week  period  is  approximately 
1.7  kilograms.  However,  the  body  weight  remains  constant  at  the  expense  of  increased 
adipose  tissue  formation. 

There  is  a  progressive  increase  in  urinary  calcium  excretion  during  bed  rest  which 
is  independent  of  the  calcium  intake. 

In  addition  to  a  decrease  in  plasma  volume,  there  is  a  reduction  in  the  red  cell 
mass.  Ferrokinetic  studies,  as  well  as  other  tests,  suggest  decreased  red  cell 
production  during  bed  rest.  During  recovery  a  further  decrease  is  noted.  Several 
studies  suggest  hemolysis  as  an  explanation  for  this  observation  .  Cortisol  pro¬ 
duction  and  its  diurnal  variation  is  not  appreciably  altered.  During  bed  rest, 
the  postural  effect  on  aldosterone  secretion  is  eliminated,  resulting  in  a  near 
constant  production  varying  with  the  metabolic  needs.  Antidiuretic  hormone  and 
catecholamine  production  is  also  diminished  during  bed  rest. 
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THE  METABOLIC  AND  HEMATOLOGIC  ASPECTS  OF  HYPODYN^MICS 


EXPOSURE  OF  man  to  weightlessness  as  encountered  in  orbital  flight  has  revealed 
alterations  in  cardiovascular  dynamics,  plasma  volume,  and  red  blood  cell  mass. 
These  and  other  aberrations  that  occur  during  subgravity  are  poorly  understood. 
Prolonged  bed  rest  and  water  immersion  studies  correlate  well  with  what  has  been 
observed  in  weightlessness .  This  would  indicate  that  at  least  some  of  the  alter¬ 
ations  in  the  metabolic  and  hematologic  homeostasis  are  secondary  to  a  change  in 
level  of  activity  and/or  posture.  For  this  reason,  the  term  hypodynamics  is  used 
instead  of  weightlessness.  The  applicability  of  ground-based  experiments  to 
actual  space  missions  or  weightlessness  is  questionable.  This  can  only  be  answered 
by  performing  appropriate  studies  in  space  flight.  What  is  known  to  occur  under 
these  conditions  should  not  be  considered  pathologic  in  terms  of  disease  but  rather 
normal  physiologic  responses  to  an  alteration  in  man's  environment. 

The  discussion  which  follows  will  be  a  summary  of  the  literature  as  well  as  the 
ground-based  experiments  performed  within  the  United  States  Air  Force  School  of 
Aerospace  Medicine. 

GENERAL  METABOLISM 


During  immobilization,  the  caloric  expenditure  and  resultant  caloric  requirement 
are  diminished  by  30%.  The  basal  metabolic  rate  is  reduced^ When  maintained 
on  an  isocaloric  diet,  the  body  weight  remains  relatively  constant  at  the  expense 
of  a  reduction  in  muscle  mass  and  a  concurrent  increase  in  adipose  tissue  formation 
(Figure  1)*.  During  bed  rest,  there  is  a  decrease  in  muscle  group  circumference 
again  suggesting  a  loss  of  muscle  mass^.  Dietrick,  Whedon,  and  Shorr  found  a 
twenty  one  percent  decline  in  the  gastrocnemius-sole js  muscle  group  strength  after 
six  weeks  of  bed  rest.  This  decrement  required  four  weeks  to  recover  after  immobili¬ 
zation.  All  of  the  subjects  studied  in  our  laboratory  have  demonstrated  joint 
discomfort  and  difficulty  with  walking  upon  resumption  of  ambulation.  This  may 
be  related  to  weakness  of  the  supporting  muscles. 

NITROGEN  BALANCE 


A  normal  man  is  in  apparent  positive  nitrogen  balance  when  active.  During  the  first 
week  of  bed  rest,  the  positive  balance  becomes  negative  and  will  reach  a  peak  about 
the  tenth  day  of  immobilization  (Figure  2).  Subsequently,  there  is  a  general  decline 
to  an  equal  balance  during  the  remainder  of  bed  rest.  The  balance  becomes  positive 
immediately  after  resuming  ambulation.  The  total  nitrogen  loss  during  four  to  six 
weeks  of  bed  rest  amounts  to  approximately  54  gm.-1.7  kilograms  of  muscle  mass^  . 

This  loss  is  greater  in  paralytic  patients  and  probably  is  related  to  muscle  tone^. 
Dietrick  and  his  coinvestigators  have  demonstrated  that  urinary  sulfur  and  potassium 
parallels  the  nitrogen  loss^  (Figure  3).  The  sulfur  to  nitrogen  ratio  in  muscle 
normally  is  1-14.  In  their  subjects,  the  loss  was  1-15.8.  This  suggests  muscle 
catabolism.  The  renal  excretion  of  potassium  is  independent  of  sodium  and  parallels 
the  nitrogen  excretion. 

Chamber  studies  in  our  laboratory  have  indicated  that  hypoxia  reduces  the  negative 
nitrogen  balance**.  There  has  been  some  work  showing  that  an  oscillating  bed  is 
beneficial  in  unparalyzed  patients  subjected  to  strict  bed  rest^5.  Isometric 
exercises  have  been  of  little  benefit.  However,  isotonic  exercises  are  beneficial 
if  the  subject  is  actually  conditioned  while  remaining  recumbent. 


*A  1 1  S.E. (Standard  Errors)  given  in  the  figures  are  appropriate  when  comparing 
between  two  group  means  at  a  given  period  or  for  placing  confidence  limits  on  a 
group  mean  at  a  given  time.  They  are  not  appropriate  when  comparing  two  period 
means  for  a  given  group. 
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CALCIUM  METABOLISM 


Prolonged  recumbency  and  water  imnersion  result  in  an  increased  calcium  excretion 
in  the  urine  and  feces.  A  negative  calcium  balance  occurs  within  two  weeks  of  bed 
rest  and  reaches  a  peak  by  the  sixth  week  (Figure  4).  There  is  a  lag  in  the  recovery 
period  before  the  balance  becomes  positive.  The  serum  calcium  remains  relatively 
unchanged . 

Dietrick  and  others  have  found  that  the  total  calcium  loss  approximates  0.5%  of 
the  total  body  stores  during  six  weeks  of  immobilization^,  if  this  loss  were 
distributed  evenly  throughout  the  skeleton,  there  would  be  little  concern  over 
its  structural  effect.  However,  trabecular  bone  has  a  greater  surface  area  per 
unit  weight.  Therefore,  this  suggests  that  the  weight  bearing  bones  would  suffer 
the  greater  loss. 

Radiodensitometry  studies  have  confirmed  the  development  of  osteoporosis  during 
the  Gemini  flights  and  immobilization^ >32 .  The  osteoporosis  occurs  first  in  the 
site  of  active  bone  formation^' ,  and  can  be  detected  within  the  first  week  of  bed 
rest.  Calcium  kinetic  studies  have  demonstrated  an  increase  in  bone  resorption 
in  the  face  of  normal  or  even  increased  formation*2.  Little  is  known  about  the 
control  of  bone  resorption.  Loss  of  muscle  activity  which  results  in  decreased 
stress  of  muscle  traction,  as  well  as  lack  of  gravity,  certainly  plays  a  role23. 

The  use  of  a  rocking  bed  in  normal  volunteers  subjected  to  prolonged  recumbency 
has  been  of  benefit;  not  so  in  paralyzed  pa tients22 >33 >3® .  Isometric  exercises 
have  done  little  to  nrevent  this  complication^.  There  is  evidence  that  isotonic 
exercises  resulting  in  stress  being  applied  to  the  musculoskeletal  system  parallel 
to  the  weight  bearing  bones  would  be  of  benefit.  Little  is  known  about  parathyroid 
hormone,  thyrocalcitonin,  and  the  responsiveness  of  the  bone,  kidney  and  gastro¬ 
intestinal  tract  to  vitamin  D  during  prolonged  immobilization.  Recent  exciting 
discoveries  in  the  physiology  of  thyrocalcitonin  might  have  direct  application  to 
the  prevention  of  osteoporosis  during  immobilization  and  weightlessness. 

The  possibility  of  forming  urinary  calculi  deserves  consideration^ >2* .  During 
bed  rest,  there  is  noted  an  increase  in  the  urinary  calcium,  phosphorus,  and  pH 
with  no  attendant  increase  in  the  urinary  citrate  level*0  (Figure  5).  In  addition, 
there  is  a  tendency  for  urinary  stasis.  These  favor  stone  formation.  Urinary 
calculi  have  not  been  a  problem  in  actual  space  missions  or  immobilization  studies 
involving  healthy  subjects.  The  incidence  of  recumbency  stones  in  paraplegic 
patients  is  common.  Infection  and  urinary  stasis  are  the  important  contributory 
factors  in  this  group. 

The  calcium  intake  has  little  effect  on  the  urinary  calcium  excretion^  (Figure  6). 

In  addition,  restriction  of  the  calcium  intake  would  appear  harmful22 >39  (Figure  7). 
As  a  result,  a  1  gm.  calcium  diet  is  used  in  this  laboratory.  With  our  present 
state  of  knowledge,  the  best  means  of  avoiding  urinary  calculus  in  space  would  be 
appropriate  investigative  procedures  in  astronaut  candidates  to  rule  out  potential 
stone  formers. 

ENDOCRINE  FUNCTION 


Endocrine  function  during  immobilization  has  been  poorly  studied.  It  is  known 
that  the  secretion  of  aldosterone  does  vary  with  position  and  is  not  diurnal  in 
the  same  fashion  as  the  other  adrenal  cortical  hormones2^ >3^#  During  bed  rest, 
the  postural  effect  is  eliminated  and  there  appears  to  be  a  constant  production 
varying  with  the  metabolic  needs.  Aldosterone  and  antidiuretic  hormone  secretion 
are  reduced  during  bed  rest  and  water  immersion.  The  recent  Gemini  flights,  have 
demonstrated  that  antidiuretic  hormone  and  aldosterone  appear  to  respond  normally 
to  the  stress  of  re-entry^. 

Norepinephrine  secretion  is  postural  dependent2® >33 #  jt  is  diminished  during  water 
inmersion*'.  There  is  evidence  that  it  does  not  increase  to  meet  the  stress  of 
passive  tilting  to  an  upright  position  after  prolonged  recumbency  and  water  inmersion** . 
Schmidt  and  his  coworkers  have  recently  presented  evidence  suggesting  that  the 
norepinephrine  stores  are  depleted  during  water  immersion2^.  This  change  is  probably 
a  significant  contributory  factor  to  the  orthostatic  intolerance  that  occurs  as  a 
result  of  immobilization. 
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The  diurnal  variation  or  circadian  rhythm  of  cortisol  production  is  unchanged  during 
short-term  immobilization  and  water  immersion^ Further  study  is  needed  during 
prolonged  weightlessness. 

Thyroid  hormone  secretion  remains  unchanged  during  prolonged  immobilization.  As 
mentioned  earlier,  little  is  known  about  parathyroid  hormone  and  thyrocalcitonin 
function  during  immobilization. 

HEMATOLOGIC  ASPECTS  OF  HYPO DYNAMICS 


The  recent  Gemini  missions  have  demonstrated  loss  of  red  blood  cell  mass  and 
shortening  of  the  predicted  red  blood  cell  chromium^!  survival^.  Broun,  in  1923, 
gave  evidence  that  inactivity  resulted  in  decreased  erythropoiesis^ >-*.  Subsequently, 
several  prolonged  bed  rest  experiments  have  shown  a  decrease  in  the  red  blood  cell 
mass  ranging  from  54  to  215  ml. 10,18,29,31 m  The  red  cell  mass  values  were  obtained 
indirectly  from  the  measurements  of  the  plasma  volume  in  all  of  these  studies. 

These  data  can  be  criticized  because  of  the  uncertainty  of  the  relationship  between 
body  and  venous  hematocrits  when  the  steady  state  is  perturbed.  The  majority  of 
these  reports  do  not  mention  the  quantity  of  blood  that  was  removed  from  each 
subject.  An  experiment  was  conducted  in  the  USAF  School  of  Aerospace  Medicine  by 
Morse wherein  13  healthy  male  Air  Force  volunteers  were  subjected  to  34  days 
of  continuous  absolute  bed  rest.  In  addition,  eight  comparable  ambulatory  volun¬ 
teer  subjects  were  used  to  control  such  variables  as  age,  blood  loss,  and  stability 
of  the  red  blood  cell  mass  and  plasma  volumes.  Cr^  labeled  autologous  erythrocytes 
were  employed  for  the  red  cell  mass  determinations  and  survival.  Ferrokinetic 
studies  were  performed  using  Fe-^.  Erythropoietin  assays  were  performed  on  24  and 
72  urinary  outputs. 

There  was  an  average  loss  of  183  ml.  of  red  cell  mass  at  the  end  of  thirty  five 
days  of  bed  rest  (Figure  8).  Regardless  of  the  method  of  presentation,  the  red 
cell  mass  expressed  as  milliliters  of  red  cells  or  milliliters  per  kilogram  of 
body  weight,  both  demonstrated  a  significant  reduction  upon  completion  of  bed  rest 
(Figure  9).  Three  weeks  later,  the  red  cell  mass  remained  significantly  below 
the  pre-bed  rest  determinations. 

Plasma  volumes  were  estimated  indirectly  from  the  red  cell  mass  and  corrected 
microhematocrit.  During  bed  rest,  there  was  an  average  reduction  of  200  ml.  In 
contrast  to  the  red  cell  mass  determinations,  the  plasma  volume  returned  to  values 
well  above  those  obtained  prior  to  bed  rest  during  the  recovery  phase  (Figure  10). 

Serial  hematocrit  values  increased  from  44  to  47 %  during  the  first  two  days  of  bed 
rest  (Figure  11).  Thereafter  a  near  steady  state  was  achieved.  Inmediately  after 
immobilization,  there  was  a  rapid  decrease  from  47  to  41%.  This  was  followed  by 
slow  gradual  increase  which  never  returned  to  the  pre-bed  rest  values  within  35 
days  of  recovery. 

There  was  a  20%  reduction  in  the  reticulocyte  response  during  bed  rest,  this  was 
followed  by  a  pronounced  reticulocytosis  during  the  immediate  recovery  period 
(Figure  12). 

There  was  no  change  in  the  red  blood  cell  survival  during  bed  rest.  However, 
during  reambulation  the  survival  was  shortened  (Table  I).  Body  surface  counting 
during  these  studies  failed  to  reveal  any  significant  splenic  red  cell  sequestration. 

Ferrokinetic  studies  demonstrated  decreased  red  cell  incorpora tion  of  Fe^  during 
bed  rest  with  a  rise  during  the  post  bed  rest  period  (Figure  13). 

Erythropoietin  assays  revealed  changes  that  are  not  significant  statistically. 
However,  there  was  a  slight  decrease  in  production  during  bed  rest  and  an  increase 
following  reambulation  (Figure  14). 

The  reduction  in  the  red  cell  mass  during  bed  rest  could  be  explained  with  one  or 
more  of  the  following  mechanisms:  (1)  increased  destruction,  (2)  blood  loss, 

(3)  sequestration,  and/or  (4)  decreased  production.  Hemolysis  was  unlikely  since 
the  red  blood  cell  survival  was  normal  and  the  reduction  in  the  reticulocyte 
response  would  be  opposite  that  expected  if  hemolysis  did  occur.  Blood  loss  was 
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unlikely  since  all  the  stools  were  negative  for  occult  blood  and  the  controls  did 
not  demonstrate  comparable  changes  in  spite  of  having  the  same  amount  of  blood 
withdrawn  for  studies.  Sequestration  of  the  red  cells  was  unlikely  because  the 
radioactive  scans  showed  no  major  organ  sequestration  and  there  was  complete  mixing 
of  the  Cr^l  labeled  red  blood  cells  within  12  minutes  after  injecting  the  isotope. 
When  sequestration  does  occur,  incomplete  mixing  is  still  evident  thirty  minutes 
after  injecting  the  isotope. 

The  reduced  uptake  of  Fe^9  by  the  red  blood  cells,  and  decreased  reticulocyte 
response,  would  suggest  a  decrease  in  red  cell  production. 

The  regulation  of  erythropoiesis  has  been  extensively  investigated  in  the  past 
two  decades.  There  is  evidence  that  a  renal  enzyme,  similar  to  renin,  activates 
a  plasma  globulin  to  generate  erythropoietin? .  Erythropoietin  is  capable  of 
differentiating  the  stem  cell  into  an  identifiable  nucleated  erythroid  cell^?. 

The  primary  stimulus  for  the  secretion  of  erythropoietin  is  dependent  upon  the 
oxygen  supply  and  demand  of  the  tissues.  Hypertransfusion  of  red  cells  or 
hyperoxia  result  in  an  increased  oxygen  supply  to  the  tissues  which  in  turn 
shuts  dotm  erythropoietin  formation  and  as  a  result  decreases  the  rate  of 
erythropoiesis.  During  bed  rest,  the  decreased  tissue  demand  for  oxygen  relative 
to  the  oxygen  supply  may  be  sufficient  to  alter  the  secretion  of  erythropoietin. 

This  experiment  would  tend  to  confirm  this  hypothesis.  Chamber  studies  involving 
immobilization  and  hypoxia  failed  to  reveal  reduced  erythropoiesis^ . 

After  completion  of  bed  rest,  there  was  a  rather  marked  fall  in  the  hematocrit 
and  a  shortened  red  cell  survival.  The  reticulocyte  response  was  compatible  with 
hemolysis  or  increased  rate  of  erythropoiesis.  The  increased  incorporation  of  Fe^ 
within  the  red  cells  confirms  an  increased  rate  of  erythropoiesis.  The  lack  of 
increase  of  the  red  cell  mass  in  the  face  of  an  increased  red  cell  production, 
suggests  a  compensated  hemolytic  syndrome  in  which  the  rate  of  production  balances 
the  rate  of  hemolysis.  These  findings  are  similar  to  those  observed  in  some  patients 
with  mechanical  traumatic  hemolysis  secondary  to  intracardiac  prosthetic  devices^. 
This  has  also  been  observed  by  Broun  when  studying  dogs  after  prolonged  periods 
of  inactivity^ >5 .  Perhaps  the  hemolysis  results  from  mechanical  trauma  to  the 
red  cells  in  the  feet  as  the  subject  walked8.  Although  definitive  proof  is  lacking, 
it  is  tempting  to  speculate  that  the  increased  and  perhaps  turbulent  blood  flow 
through  stiff  joints,  tender  soles,  and  laxed  muscles  is  the  mechanical  trauma 
necessary  for  hemolysis. 


C  2-5 


REFERENCES 

1.  Berry,  C.  A.,  Coons,  D.  0.,  Calterson,  A.  D.  and  Kelly,  G.  F.  Man's  response 

to  long  duration  flight  in  Gemini  spacecraft.  Gemini  Mid-Program  Conference, 
NASA-SP-121 .  National  Aeronautics  and  Space  Administration,  Wash.,  D.  C., 
pp.  235-261. 

2.  Birkhead,  N.  C.,  Blizzard,  J.  J. ,  Daly,  J.  W. ,  Haupt,  G.  J.,  Issekutz,  B. , 

Meyers,  R.  N.  and  Rodahl,  K.  Cardiodynamic  and  metabolic  effects  of  prolonged 
bed  rest.  Technical  Documentary  Report  AMRL  TDR-63-37 .  U.  S.  Air  Force 
Aerospace  Med.  Research  Laboratories,  Wright-Patterson  AFB,  Ohio,  1963. 

3.  Birkhead,  N.  C.,  Blizzard,  J.  J. ,  Daly,  J.  W. ,  Haupt,  G.  J.,  Issekutz,  B. ,  Meyers, 

R.  N.  and  Rodahl,  K.  Cardiodynamic  and  metabolic  effects  of  prolonged  bed 
rest  with  daily  recumbent  or  sitting  exercise  and  with  sitting  inactivity. 
Technical  Documentary  Report  AMRL  TDR-64-61 .  U.  S.  Air  Force  Aerospace  Med. 
Research  Laboratories,  Wright-Patterson  AFB,  Ohio,  1964. 

4.  Broun,  G.  0.  Blood  destruction  during  exercise.  III.  Exercise  as  a  bone 

marrow  stimulus.  J.  Exp.  Med. .  37:187,  1923. 

5.  Broun,  G.  0.  Blood  destruction  during  exercise.  IV.  The  development  of 

equilibrium  between  blood  destruction  and  regeneration  after  a  period  of 
training.  J.  Exp.  Med. ,  37:207,  1923. 

6.  Busby,  D.  E.  Clinical  space  medicine.  A  prospective  look  at  medical  problems 

from  hazards  of  space  operations.  NASA-CR-858 .  National  Aeronautics  and 
Space  Administration,  Wash.,  D.  C. ,  1967,  pp.  198-229. 

7.  Contrera,  J.  F.  and  Gordon,  A.  S.  Erythropoietin;  production  by  a  particular 

fraction  of  rat  kidney.  Science .  152:653,  1966. 

8.  Davidson,  R.  J.  C.  Exertional  hemoglobinuria:  A  report  on  three  cases  with 

studies  on  the  hemolytic  mechanism.  J.  Clin.  Path. .  17:536,  1964. 

9.  Dietlein,  L.  F.  and  Harris,  E.  Experiment  M-5,  bioassay  of  body  fluids.  Gemini 

Mid-Program  Conference.  NASA-SP-121 .  National  Aeronautics  and  Space  Adminis¬ 
tration,  Wash.,  D.  C.,  1966,  pp.  403-407. 

10.  Dietrick,  J.  E. ,  Whedon,  G.  D.  and  Shorr,  E.  Effects  of  inmobilization  upon 

various  metabolic  and  physiologic  functions  of  normal  men.  Amer.  J.  Med.  . 

4:3,  1948. 

11.  Goldman,  J.  K.  Free  fatty  acid  responses  to  tilting  after  water  immersion. 

J.  Appl.  Physiol. ■  20:395,  1965. 

12.  Heaney,  R.  P.  Radiocalcium  metabolism  in  disuse  osteoporosis  in  man.  Amer. 

J.  Med. .  33:188,  1962. 

13.  Hamlin,  J.  T.,  Hickler,  R.  B.  and  Hoskins,  R.  G.  Free  fatty  acid  mobilization 

by  neuroadrenergic  stimulation  in  man.  J.  Clin.  Invest. .  39:606,  1960. 

14.  Katz,  F.  H.  Adrenal  function  during  bed  rest.  Aerospace  Med. ■  35:849,  1964. 

15.  Lynch,  T.  N. ,  Jensen,  R.  L.,  Stevens,  P.  M. ,  Johnson,  R.  L. ,  and  Lamb,  L.  E. 

Metabolic  effects  of  prolonged  bed  rest;  Their  modification  by  simulated 
altitude.  Aerospace  Med. ■  38:10,  1967. 

16.  Mack,  P.  B.  Calclun  loss  studies  during  human  bed  rest;  A  preliminary  report. 

NASA-SP-64 .  National  Aeronautics  and  Space  Administration,  Wash.,  D.  C., 
pp.  169-177. 

17.  McCally,  M.  and  Graveline,  D.  E.  Urinary  catechol  response  to  water  inxnersion. 

AMRL-TDR-63-20 .  United  States  Air  Force  Aerospace  Med.  Research  Laboratories, 
Wright-Patterson  AFB,  Ohio,  1963. 


C  2-6 


18.  Miller,  F.  B. ,  Johnson,  R.  L. ,  and  Lamb,  L.  E.  Effects  of  moderate  physical 

exercise  during  four  weeks  of  bed  rest  on  circulatory  functions  in  man. 
Aerospace  Med. .  36:1077,  1965. 

19.  Morse,  B.  S.  Erythrokinetic  changes  in  man  associated  with  bed  rest.  Lectures 

in  Aerospace  Medicine.  Feb,  1967. 

20.  Muller,  A.  F. ,  Manning,  E.  L.  and  Riondel,  A.  M.  Influence  of  position  and 

activity  on  the  secretion  of  aldosterone.  Lancet .  1:711,  1958. 

21.  Neuman,  W.  F.  Possible  effects  of  weightlessness  on  calcium  metabolism  in 

man.  AEC  Research  and  Development  Report,  UR- 622 ,  Div.  of  Radiation 
Chemistry  and  Toxicology,  The  U.  of  Rochester,  Rochester,  New  York,  1963. 

22.  Nungesser,  W.  C.  Factors  influencing  the  renal  regulation  of  calcium-- 

implications  of  prolonged  weightlessness.  Aeromedical  Review  2-65,  USAF 
School  of  Aerospace  Medicine,  Brooks  AFB,  Tex,  May  1965. 

23.  Plum,  F.  and  Dunning,  M.  F.  The  effect  of  therapeutic  mobilization  on  hyper- 

calciuria  following  acute  poliomyelitis.  Arch.  Intern.  Med. ,  101:528,  i958. 

24.  Schmidt,  T.  G.,  Shaver,  J.  A.,  McCally,  M. ,  Bensy,  J.  J.,  Pawlson,  L.  G. ,  and 

Piemme ,  T.  E.  Effects  of  two  weeks  bed  rest  on  forearm  venous  responses 
to  norepinephrine  and  tyramine.  Presented  Aerospace  Med.  Assoc.  Meeting, 

Miami,  Fla.,  May  1968. 

25.  Sears,  D.  A.,  and  Crosby,  W.  H.  Intravascular  hemolysis  due  to  intracardiac 

prosthetic  devices.  Diurnal  variations  related  to  activity.  Amer.  J.  Med. , 
39:341,  1965. 

26.  Stevens,  P.  M. ,  Miller,  P.  B. ,  Lynch,  T.  N. ,  Gilbert,  C.  A.,  Johnson,  R.  L., 

and  Lamb,  L.  E.  Effects  of  lower  body  negative  pressure  on  physiologic 

changes  due  to  four  weeks  of  hypoxic  bed  rest.  Aerospace  Med.  37:467,  1966. 

27.  Stohlman,  F. .  Jr.,  Lucarelli,  G.,  Howard,  D.  ,  Morse,  B. ,  and  Leventhal ,  B. 

Regulation  of  erythropoiesis .  XIV.  Cytokinetic  patterns  and  disorders  of 
erythropoiesis .  Med ■ ,  43:651,  1964. 

28.  Sundin,  T.  The  effects  of  body  posture  on  the  urinary  excretion  of  adrenaline 

and  noradrenaline.  Acta.  Med.  Scand,  (Suppl.),  161:336,  1958. 

29.  Taylor,  H.  L. ,  Erickson,  L.  ,  Henschel,  A.,  and  Keys,  A.  The  effect  of  bed 

rest  on  the  blood  volume  of  normal  young  men.  J.  Appl.  Physiol  .  144:227, 

1945. 

30.  Thomas,  S.  Effects  of  change  of  posture  on  diurnal  renal  excretory  rhythm. 

J.  Physiol. .  148:489,  1959. 

31.  Vogt,  F.  B. ,  and  Johnson,  P.  C.  Plasma  volume  and  extra  cellular  fluid  volume 

changes  associated  with  ten  days  bed  recumbency.  Aerospace  Med. .  38:21,  1967. 

32.  Vogt.'F.  B.  ,  Mack,  P.  B.,  Beasley,  W.  G.  ,  Spencer,  W.  A.,  Cardus ,  D. ,  and 

Vallbona,  C.  The  effects  of  bed  rest  on  various  parameters  of  physiological 
function.  Part  XII.  The  effect  of  bed  rest  on  bone  mass  and  calcium  balance. 
NASA-CR- 182 ,  National  Aeronautics  and  Space  Administration,  Wash,  D.  C.,  1965. 

33.  VonEuler,  U.  S. ,  Luft,  R.,  and  Sundin,  T.  The  urinary  excretion  of  noradrenaline 

and  adrenaline  in  healthy  subjects  during  recumbency  and  standing.  Acta ■ 
Physiol,  Scand. .  34:169,  1955. 

34.  Walker,  J.  L.  C.  Plasma  seventeen  hydroxycorticosteroids  in  healthy  subjects 

after  water  immersion  of  twelve  hours  duration.  Aerospace  Med. .  38:459,  1967. 

35.  Whedon,  G.  D. ,  Dietrick,  J.  E. ,  and  Shorr,  E.  Modification  of  the  effects 

of  inmobillzatlon  upon  metabolic  and  physiologic  functions  of  normal  men 
by  the  use  of  an  oscillating  bed.  Amer .  J .  Med ■ .  6:684,  1949. 


C  2-7 


36.  Whedon,  G.  D.  and  Shorr,  E.  Metabolic  studies  in  paralytic  acute  anterior 

poliomyelitis.  I.  Alterations  in  nitrogen  and  creatine  metabolism.  J.  Clin. 
Invest . ,  36:941*  1957. 

37.  Whedon,  G.  D.  and  Shorr,  E.  Metabolic  studies  in  paralytic  acute  anterior 

poliomyelitis.  II.  Alterations  in  calcium  and  phosphorus  metabolism.  J. 
Clin.  Invest.  ,  36:966,  1957. 

38.  Whedon,  G.  D.  and  Shorr,  E.  Metabolic  studies  in  paralytic  acute  anterior 

poliomyelitis.  III.  Metabolic  and  circulatory  effects  of  the  slowly 
oscillating  bed.  J.  Clin.  Invest.,  36:982,  1957. 

39.  Wyse,  D.  M.  and  Pattee,  C.  J.  The  effect  of  diet  on  the  metabolic  alterations 

of  paraplegia.  Canad.  Med.  Assoc.  J. ,  71:235,  1954. 


.  ..i _ 


GRAMS /24  HRS. 


C  2-8 


BODY  COMPOSITION 


Fig.l  Body  composition  calculated  from  total  body  water  measured  by  the  tritium  dilution 

technic,  (mean  ±  1  S. E.  (see  footnote  page  C  2-1)) 

THE  EFFECT  OF  BED  REST  ON  NITROGEN 
METABOLISM 
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Fig. 4  Calcium  balance 
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CHANGE  IN  PLASMA  VOLUME 


Fig.  11  Serial  changes  in  the  microhematocrit  (mean  ±  1  S.F,. ) 


fig-  13  Red  Cell  Fej9  uptake  for  4  subjects  studied 
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Fig. 14  Urinary  erythropoietin  for  4  subjects  studied 


TABLE  I 


Cr51  red  cell  half  survival  values 

Cr51  RED  CELL  T -1/2  (days) 


CONTROL  PERIOD 
BED  REST  I 
BED  REST  II 
AMBULATION 


25.4  ±  1.1 

26.7  ±  0.9 

28.7  ±  0.8 

20.7  ±  0.7 


rest  I  and  II  corresponds  to  the  first  and  24th  day  of  bed  rest,  respectively 

(mean  i  1  S.E.  ) 
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OBSERVATIONS  ON  THE  GAS  TENSIONS  OF  MIXED  VENOUS  BLOOD  IN  MAN. 

by  D,  Denison,  E.A.F.  Institute  of  Aviation  Medicine,  Earn borough,  Hants. 

During  rebreathing,  the  gas  pressures  in  the  respirate  change  towards  those  in  mixed 
venous  blood.  For  the  first  few  breaths,  the  passive  equilibration  processes  are  masked  by 
mixing  artefacts,  and  later  they  are  disturbed  by  the  effects  of  recirculation.  However,  in 
normal  subjects  rebreathing  from  a  snail  bag  (<  5  litres)  at  1  cycle/sec,  the  undistorted 
processes  can  be  recognized  during  an  interval  rnnghly  lasting  from  the  4th-10th  seconds  ("the 
plateau  period*).  The  volume  and  composition  of  the  rebreathed  gas  can  be  adjusted  so  that 
no  gas  exchange  occurs  in  this  time;  then  it  is  assumed  that  the  gas  pressures  of  the  respirate 
equal  those  in  mixed  venous  blood  (Burwell  and  Robinson  1924  a  and  b;  Cerretelli  et  al  1966; 
Denison  et  al  1966).  Records  at  this  time  show  horizontal  plateaux.  A  method  of  accurately 
and  rapidly  varying  the  amount  and  content  of  rebreathed  gas  has  been  described  (Denison  1967). 

Over  the  past  four  years,  some  five  thousand  rebreathings  have  been  recorded  by  respir¬ 
atory  mass  spectrometry,  in  resting  and  exercising  subjects  exposed  to  a  wide  variety  of 
stresses  (Denison  1968).  These  show  that  satisfactory  02  and  CO2  plateanx  can  be  obtained  in 
all  tolerable  degrees  of  hypoxia,  hypercapnia,  hyperventilation,  tube-breathing  and  resisted 
respiration  -  providing  subjects  expire  to  residual  volume  before  rebreathing,  and  that  the 
two  plateaux  are  obtained  simultaneously. 

Plateaux  show  measurable  slopes  wben  they  deviate  more  than  1  mmHg  from  the  horizontal 
value.  If  sloping  plateaux,  recorded  during  the  same  steady  state,  are  extrapolated,  they  lie 
within  1.5  nnHg  of  the  horizontal  value  at  the  20th  sec.  and  intersect  with  each  other  within 
the  came  limits.  The  rebreathing  procedure  causes  small  (2  mmllg)  falls  in  venous  02  and  C02 

tensions,  that  disappear  within  2  minutes. 

Cardiac  outputs  can  be  estimated  if  measures  of  venous  gas  tensions  are  combined  with 
corresponding  arterial  values  (predicted  from  end-tidal  gas  pressures)  and  standard  dissociation 
curve  data.  Estimates  based  on  C02  exchange  are  consistently  some  10  ^  higher  than  those 
derived  from  02  transfer.  The  reason  for  this  difference  is  not  yet  clear,  but  both  sets  of 
estimates  agree  well  with  published  measurements  nu.de  by  other  techniques. 

It  seems  that  rebreathing  techniques  can  be  employed  to  measure  mixed  venous  gas  tensions 
with  a  resolution  of  1  imsHg  and  a  probable  accuracy  of  2  mllg.  The  method  can  be  applied  to 
steady  and  unsteady  states,  does  not  need  an  automat; <■  gas  dispenser  or  continuous  gas  analysers 
and  may  be  repeated  every  2  minutes  without  disturbance  of  steady  state.  Also  in  steady  states, 
it  can  be  used  to  measure  cardiac  output  to  within  ±  10  ,1. 
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Theoretical  analyses  ehov  that,  in  respiratory  » toady  atatea,  the  aired  venous  Pqq^  ia 
determined  almost  entirely  by  alveolar  ventilation  while  the  corresponding  oxygen  tension  is 
regulated  by  blood  flow;  one  would,  therefore,  expect  that  threats  to  tissue  oxygenation  would 
be  met  by  alterations  in  perfusion  while  disturbances  in  tissue  COg  stability  would  be  countered 
by  adjustments  of  ventilation. 

Figure  1  illustrates  how  these  predictions  are  fulfilled  in  practice.  It  represents 
the  average  responses  made  by  four  normal  subjects  to  mild,  moderate  and  the  maximal  tolerable, 
degrees  of  various  stresses,  during  exercise  on  a  cycle  ergooeter.  All  of  the  measurements 
were  made  in  steady-state  exposures  of  23-45  minutes'  duration.  The  venous  gas  tensions  (Fig  2) 
indicate  the  extent  to  which  these  homeostatic  responses  failed.  In  both  figures,  a  shaded 
area  encompasses  the  range  of  control  values.  Amongst  the  observatione  that  can  be  drawn  from 
the  two  diagrams  are  these: 

1)  Wide  swings  in  environmental  gas  tensions  caused  small  changes  in  the  gas  pressures  of  mixed 
venous  blood.  Bisea  in  inspired  CO2  tension  were  largely  buffered  by  raised  ventilation. 
Falls  of  inspired  oxygen  pressure  were  principally  met  by  an  increase  in  blood  flow. 

2)  Venous  oxygen  tension  was  controlled  to  the  same  degree  as  arterial  Pqq^. 

3)  During  light  exercise  in  air,  hyperventilation  caused  a  steep  fall  in  PvC02  and  a  slight 
fall  in  PvQg.  It  did  not  seem  to  alter  cardiac  output. 

4)  During  light  exercise,  in  hypoxia  equal  to  an  altitude  of  10,000  ft,  hyperventilation  led  to 
a  sharp  fall  in  PvC()^  but  a  small  rise  in  venous  Pqj.  Cardiac  output  appeared  unchanged. 

5)  Hypoxia  produced  a  1:1  drop  in  both  tensions,  with  an  80-95  %  homeostasis  of  the  fall  in 
inspired  oxygen  pressure. 

6)  CO 2  breathing  caused  a  2:1  rise  in  both  tensions  with  a  50-75  $  homeostasis  of  tbs  rise  in 
inspired  C02  pressure.  Part  of  the  mealier  increase  in  oxygen  tension  was  due  to  a  rise  in 
blood  flow.  The  physiological  purpose  of  this  is  not  clear. 

7)  Asphyxia  caused  a  progressive  rise  in  venous  C02  pressure,  but  no  change  in  PvQg.  This  was 
true  whether  the  asphyxia  was  produced  by  tube-breathing  or  by  altering  the  lnspirate.  Some 
of  the  fall  in  inspired  oxygen  pressure  was  buffered  by  a  CO2  driven  hyperpnoea. 

8)  Exercise  led  to  roughly  a  1:1  fall  of  Pvq^  And  rise  in  PvcOg*  The  effects  were  most  walked 
in  the  transition  from  rest  to  exertion. 

9)  Exercise  in  oxygen  produced  a  similar  change,  but  there  was  a  10  ■m  rise  in  Pvq2  and  an  up 
to  9  arnBg  increase  in  PvcOj  all  grades.  There  was  no  apparent  change  in  cardiac  output. 
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10)  Inspiratory  and  expiratory  resistances  disturbed  the  control  of  ventilation,  but  had  no 
important  circulatory  effects. 

11)  For  predictive  purposes,  it  seems  reasonable  to  take  70  mmllg  as  the  highest  tolerable  Pvcq2 
and  17  amHg  as  the  lowest  acceptable  Pvq2. 

Conclusion. 

Mixed  venous  gas  tensions  have  not  been  measured  frequently  in  the  past.  Modern 
instruments  have  made  it  easier  to  do  so.  this  small  series  of  observations,  made  over  a  wide 
range  of  conditions,  suggests  that  a  rebreathing  technique  can  measure  them  and  that  they 
behave  in  the  way  expected  if  'in  vitro'  dissociation  curves  were  to  apply  'in  vivo’. 

Experiments  completed  since  the  presentation  of  this  paper  have  shown  that: 

a)  the  method  can  be  applied  to  the  study  of  exercise  during  total  water  imtersion  (Denison, 
Tonkins,  Emating  and  Davies  1969). 

b)  a  complex  relationship  exists  between  the  COg  tensions  of  pulmonary  artery  blood  and  re¬ 
breathed  gas,  although  their  oxygen  tensions  are  identical  (Denison,  Edwards,  Jones  and  Pope 
1969  a  and  b). 
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Fig. 2  How  venous  gas  tensions  were  influenced  by  several  conditions 
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SUMMARY 

The  expected  use  of  1001  oxygen  at  low  pressure  as  the  respiratory  gas  for  astronauts  makes 
it  desirable  to  determine  the  effects  of  long  term  breathing  of  oxygen.  Although  this  use  is  not 
symptom-free,  experiments  with  animals  and  human  subjects  for  periods  up  to  30  days  have  indica¬ 
ted  a  clear  difference  between  the  effects  under  these  conditions  and  those  at  one  atmosphere 
(760  mm  Hg),  mainly  the  absence  of  fatal  pulmonary  edema  at  low  pressure.  Our  efforts  have  been 
directed  toward  the  effects  as  manifested  in  rats  during  up  to  47  days  of  exposure  but  princi¬ 
pally  at  30  days.  These  experiments  are  carried  out  at  a  pressure  that  is  high  but  is  just  short 
of  that  capable  of  producing  terminal  edema  —  2/3  atmosphere.  Under  these  conditions  rats  de¬ 
veloped  changes  in  the  pulmonary  vasculature  that  appeared  to  be  hypertrophic  and  in  some  cases 
hyperplastic  that  suggested  a  greater  turnover  of  tissue  in  the  vessels.  Further  investigation 
showed  that  the  rats  developed  pulmonary  hypertension  and  systemic  hypotension.  In  view  of  the 
vascular  changes,  these  effects  are  attributed  to  an  increased  vascular  resistance  and  a  de¬ 
creased  cardiac  output  from  the  right  heart.  The  long  term  significance  of  these  effects  have 
not  been  studied  but  it  is  suggested  that  they  would  be  ameliorated  by  return  to  air  breathing. 
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THE  EFFECTS  OF  PROLONGED  EXPOSURE  TO  HIGH  OXYGEN  TENSION 

George  H.  Kydd,  Ph.D. 


From  the  time  of  its  discovery,  oxygen  has  stimulated  the  interest  of  biologists  and  others 
who  wondered  if  its  effects  on  animals  and  men  resembled  in  any  way  the  increased  rate  of  combus¬ 
tion  that  occurred  when  a  candle  is  thrust  into  it.  Indeed,  we  may  justifiably  wonder  about  this 
question  today  as  I  shall  point  out  below. 

But  aside  from  this  somewhat  basic  interest,  oxygen  breathing  is  also  of  practical  importance 
today  and  there  exists  a  need  to  know  something  of  its  efi'tcts  after  prolonged  breathing  in  high 
concentrations.  It  appears  that  in  situations  in  which  men  are  separated  from  the  terrestrial 
environment  at  the  earth's  surface  such  as  encapsulation,  the  question  arises  as  to  how  closely 
the  terrestrial  Poj  must  be  simulated.  For  example,  in  diving  where  the  ambient  pressure  can  in¬ 
crease  the  P02  of  air  to  dangerous  levels,  one  would  like  to  know  how  much  variation  from  normal 
P02  can  be  tolerated.  Uniquely  in  medicine  the  need  to  supply  a  higher  than  normal  P02  arises 
ana  with  it  a  need  for  the  time  limitation  the  patient  can  breathe  the  higher  concentration  with¬ 
out  suffering  ill  effects. 

A  third  situation  exists  in  the  operation  of  a  space  capsule,  where  because  of  convenience 
or  necessity,  one  may  be  required  to  breathe  100%  oxygen  at  low  pressure  for  prolonged  periods. 
Examples  of  this  are  Mercury  and  Gemini  projects  in  which  astronauts  breathed  100%  O2  at  S  PSIA. 

As  a  result  of  interest  generated  by  manned  space  flight,  there  have  been  a  number  of  experi¬ 
ments  carried  out  on  animals  and  men  in  low  pressure,  high  concentration  oxygen.  The  results  of 
these  experiments  indicate  a  tolerance  of  oxygen  under  these  conditions  that  is  in  contrast  with 
known  oxygen  toxicity  and  it  would  be  well  to  point  out  the  difference  between  tolerance  and 
lethal  exposure. 

Most  laboratory  animals  die  when  exposed  to  100%  oxygen  at  sea  level  (Po?  760  mm  Hgj  in  3-4 
days  of  massive  pulmonary  edema  [1 , 2, 3, 4,5 ,6) .  Young  rats  develop  a  resistance  and  survive  (7)  and 
monkeys  seem  to  be  more  resistant,  requiring  the  longest  exposure  of  all  the  other  animals  (5,  6). 
Men  also  appear  to  be  more  resistant.  In  experiments  involving  12  human  subjects  Doleval  found 
that  the  time  range  to  which  the  'objects  would  voluntarily  expose  themselves  was  from  74  to  110 
hours.  The  subjects  were  very  sick  after  this  exposure  but  this  is  considerably  longer  than  the 
survival  time  for  small  animals  (8).  In  1938  Armstrong  (9)  found  that  a  reduction  in  pressure  of 
100%  oxygen,  reducing  the  °02.  would  contribute  to  the  survival  of  rabbits  and  Comroe  in  1947 
found  that  the  chest  pair  associated  with  breathing  100%  oxygen  was  absent  when  pressure  was  re¬ 
duced  to  1/a  atmosphere  (luj.  Since  that  time  and  especially  in  the  last  few  years,  experiments 
(too  numerous  to  mention  here)  in  100%  oxygen  at  reduced  pressure  have  been  carried  out.  This 
includes  those  of  Michel  (11),  Brooksby  (12),  Pepelko  (13),  those  from  the  School  of  Aerospace 
Medicine  at  Brooks  Air  Force  Base,  Texas,  Welch,  et  al  (14,  15,  16,  17)  and  those  of  Caldwell  (18) 
and  our  own  (19,  20,  21).  The  conditions  of  these  experiments  are  not  uniform  except  that  the 
percentage  of  oxygen  was  near  10G%  in  all  and  the  P02  was  well  below  a  level  that  would  produce 
serious  symptoms.  If  those  with  Pq2  below  417  mm  Hg  are  considered  together  (12,  13,  14,  15,  16, 
17)  there  are  two  observations  of  interest  in  a  discussion  of  oxygen  toxicity:  1.  in  these  ex¬ 
periments  that  lasted  up  to  30  days,  all  subjects  completed  the  experiments  and  were  not  incapaci¬ 
tated  to  the  extent  that  they  had  to  drop  out  prematurely,  and  2.  symptoms  developed  that  have 
been  referrable  to  oxygen  toxicity,  notably  chest  pain,  and  of  course  other  symptoms  that  have 
not  been  associated  with  oxygen  toxicity  such  as  aural  atelectasis.  Our  interest  has  centered 
around  two  factors:  1.  the  difference  between  oxygen  at  one  atmosphere  and  at  lower  pressures  and 
what  it  may  tell  us  about  oxygen  toxicity,  and  2.  the  nature  and  duration  of  the  tolerance  to  low 
pressure  oxygen. 

In  regard  to  the  first  point,  we  were  interested  in  the  fact  that  as  the  P02  is  lowered  from 
650  mm  Hg  where  typical  O2  toxicity  is  experienced  in  rats,  a  rather  sharp  difference  in  effects 
occurs  in  the  100  mm  Hg  down  S50  mm  Hg  which  is  approximately  the  highest  Pqj  of  100%  oxygen  that 
adult  rats  will  survive  and  tolerate  without  exhibiting  pulmonary  oxygen  toxicity.  The  pertinent 
question  regarding  these  low  Pg2's  is  this:  Does  long  term  breathing  of  oxygen  at  low  pressure 
produce  any  effects  and  in  investigating  this  question  we  have  selected  the  highest  P02  of  this 
tolerable  range  2/3  atmosphere  with  the  idea  that  effects  would  more  likely  show  up  here. 

Our  early  experiments  in  which  rats  were  exposed  to  95-100%  oxygen  at  550  mm  Hg  for  30  days 
indicated  that  microscopic  examination  of  the  lungs  did  indicate  structural  change  (20).  These 
occurred  in  the  vascular  system,  possibly  the  bronchioles,  and  also  changes  which  we  believe  to 
be  emphysema  in  the  epithelial  tissue.  Of  particular  interest  were  the  changes  in  the  vascular 
system.  These  appeared  at  times  to  be  erosive  and  at  other  sites  to  be  proliferative  so  tnat 
they  gave  an  overall  impression  of  increased  turn-over  of  tissue  in  the  vascular  system. 

The  question  arose  as  to  whether  or  not  the  structural  changes  may  give  rise  to  detectable 
hemodynamic  changes  and  this  question  was  addressed  in  a  series  of  experiments  in  which  pulmonary 
and  systemic  hemodynamic  changes  were  compared  in  exposed  and  non-exposed  rats. 


METHOD 


The  exposures  were  carried  out  in  a  facility  that  provided  a  95-100%  oxygen  atmosphere  shown 
in  Figure  1.  It  consisted  of  a  cylindrical  animal  chamber  connected  to  an  external  circuit  through 
which  air  was  continuously  pumped.  The  circuit  contained  a  vessel  of  LiOH  for  absorbing  CO2 ,  a 
heat  exchanger,  an  oxygen  regulator,  temperature  sensor  (a  thermistor),  and  sampling  orifices  for 
gas  analysis.  The  reduction  in  pressure  resulting  from  COj  absorption  was  sensed  by  the  oxygen 
regulator  which  added  oxygen  to  the  system  to  maintain  a  preset  pressure  level.  Approximately 
every  second  day,  the  chamber  was  opened  to  remove  waste  and  add  food  requiring  a  total  of  15-20 
minutes  for  the  purge.  The  chamber  operated  at  95-100%  0 28  ±  1°C  and  at  a  relative  humidity 
from  30-70%,  passively  maintained  and  CO2  was  below  0.58%. 

At  the  end  of  the  exposure  the  rats  were  removed  from  the  oxygen  atmosphere,  anesthetized 
with  urethane  (1  g/kilo)  and  provided  with  a  tracheostomy  and  the  abdominal  aorta  cannulated  with 
a  "T"  tube  near  the  bifurcation  and  connected  by  polyethylene  tubing  to  a  pressure  transducer. 

The  tracheostomy  tube  was  provided  with  a  closed  breathing  system  that  provided  for  removal  of 
CO2  by  a  special  tube  and  a  pressure  transducer. 

To  measure  pressure  in  the  right  heart,  a  double  catheter  connected  to  a  transducer  was 
inserted  into  the  external  jugular  vein  (see  Figure  2).  These  were  mounted  one  inside  the  other 
so  that  the  smaller  one  could  be  pushed  through  the  larger  one.  The  smaller  catheter  was  pre¬ 
formed  to  enter  the  pulmonary  artery  and  it  was  thus  curved  almost  27u°.  The  tip  of  the  larger 
catheter  was  bent  at  about  45°.  By  observing  the  pressure  pulse  on  an  oscillograph  and  gently 
manipulating,  the  combination  was  maneuvered  into  the  right  ventricle  where  the  small  catheter 
was  pushed  through  and  maneuvered  into  the  pulmonary  artery.  The  large  catheter  was  then  with¬ 
drawn  from  the  vessel.  The  position  of  the  catheter  was  verified  at  autopsy  after  sacrifice 
with  urethane. 

An  example  of  a  recording  is  shown  in  Figure  3.  A  prominent  characteristic  of  most  of  the 
recordings  was  caused  by  the  effects  of  respiration  which  at  times  produced  a  variation  almost 
equal  to  pulse  pressure.  Thus  minimum  systolic  pressure  that  occurred  during  inspiration  was 
just  longer  than  diastolic  pressure  during  expiration.  In  evaluating  the  pressures,  a  maximum 
and  mean  systolic  pressure  were  computed  along  with  a  mean  pressure.  In  this  latter  case,  the 
diastolic  pressure  used  in  this  computation  was  frequently  negative  when  the  catheter  was  in 
the  ventricle. 

RESULTS  AND  DISCUSSION 

A  summary  of  the  pressures  obtained  is  shown  in  Table  I  for  the  pulmonary  circulation  and 
Table  II  for  the  systemic.  These  data  suggest  a  possible  hypertension  developing  in  the  pul¬ 
monary  circulation  and  a  hypotension  in  the  systemic.  At  this  time  we  would  attribute  the  for¬ 
mer  to  the  previously  cited  structural  changes  in  the  lung  vasculature  as  indicated  by  the  in¬ 
creased  systolic  pressure  produced  there.  The  nature  of  the  mechanism  producing  the  change 
remains  somewhat  obscure,  however,  the  effects  of  oxygen  on  the  endothelium  of  the  vessels  of 
the  lungs  have  been  reported  by  Kistler,  et  al  (22)  who  found  that  it  was  most  vulnerable  to 
oxygen . 


TABLE  1 


Effect  of  Oxygen  Exposure  on  Pressures 
from  the  Right  Heart  when  Breathing  Air  and  Oxygen  (mm  Hg) 


Max . 

Systolic 

Avg. 

Systolic 

Mean 

Pressure 

Breathing  Gas 

Air 

Oxygen 

Air 

Oxygen 

Ai  r 

Oxygen 

No.  Rats 

Exposed 

43.3 

42.4 

37.6 

35.4 

15.5 

16.1 

17 

Non-exposed 

36.7 

35.5 

31.8 

29.7 

14.6 

15.5 

30 

TABLE  II 


Effect  of  Oxygen  Exposure  on  the  Mean  Aortic  Pressure 
when  Breathing  Air  and  Oxygen  (mm  Hg) 


Breathing  Gas 

Air 

Oxygen 

No.  Rats 

Exposed 

79.6 

88.7 

17 

pioii'CAjiuiffd 

90.7 

99.6 

30 

In  other  studies  et  our  laboratory,  the  question  has  been  raised  as  to  whether  the  animal 
that  tolerates  low  pressure  oxygen  so  well  for  prolonged  periods  can  be  distinguished  from  his 
unexposed  equal.  One  approach  to  this  question  is  to  determine  whether  the  response  to  oxygen 
itself  can  be  altered  by  oxygen  breathing.  It  had  been  reported  earlier  by  Smith,  et  al  (7)  that 
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Figure  2.  The  catheter  used  for  catheterization  of  the  pulmonary  artery. 
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rats  exposed  under  compressed  air  could  indeed  be  made  tolerant  to  future  exposure.  In  these 
experiments,  rats  that  survived  the  initial  exposure  retained  tolerance  to  future  exposures  In 
our  experiments  rats  were  exposed  to  100%  at  2/3  atmosphere  for  up  to  45  days  and  as  short  as  15 
days.  At  the  end  of  the  respective  exposures  the  pressure  in  the  chamber  was  increased  to  1 
atmosphere.  Normal,  adult,  unexposed  rats  would  have  been  expected  to  die  in  3-4  days  in  extreme 
dyspnea  of  massive  pulmonary  edema  and  pleural  effusion.  Yet  a  large  percentage  of  these  pre¬ 
exposed  rats  lived  and  those  that  died  did  not  die  typically  in  dyspnea.  Obviously,  the  pre¬ 
exposure  at  2/3  atmosphere  does  produce  an  effect  and  contrary  to  what  may  be  expected,  it  is 
beneficial,  although  there  were  no  outwardly  observable  changes.  Although  survival  of  these  rats 
was  high,  the  fact  remains  that  the  second  exposure  did  have  its  effect  because  all  of  the  rats 
were  sick,  exhibiting  delayed  dyspnea  (after  the  4th  day)  and  some  had  pleural  effusion.  Animals 
that  survive  the  otherwise  lethal  exposure  are  of  value  not  so  much  because  they  survive,  but 
because  they  provide  an  oxygen  poisoned  specimen  that  is  not  rapidly  terminal  and  the  experimenter 
is  allowed  more  time  for  study.  This  is  the  point  of  view  and  the  approach  we  have  taken  and  from 
this  standpoint  some  observations  are  of  interest:  1.  the  symptoms  of  the  surviving  animals  are 
related  to  those  of  dying  animals,  namely,  the  pleural  effusion  and  the  respiratory  difficulty. 

The  process  that  produces  fluid  of  edema  and  effusion  has  been  arrested  or  the  resorption  process 
has  been  increased,  or  both  of  these  have  taken  place  yielding  a  situation  that  is  relatively 
stable  and  compatible  with  life.  It  would  appear,  at  this  time,  that  the  fluid  formation  may  be 
related  to  the  pulmonary  hypertension  that  was  demonstrated  in  these  animals.  This  could  be 
brought  about  by  the  endothelial  changes  already  mentioned.  One  infrequently  mentioned  factor  is 
the  animal's  capacity  to  absorb  fluid  from  the  lungs.  Studies  of  other  animals  indicate  that 
this  is  relatively  large  and  consideration  must  be  given  this  potential  large  capacity  system  in 
cases  of  pulmonary  edema  and  pleural  effusion. 

It  is  our  feeling  that  the  30-day  exposure  at  2/3  atmosphere  is  an  agent  for  the  production 
of  fluid  and  that  the  duration  of  the  exposure  allows  for  an  adaptation  of  fluid  clearance  mech¬ 
anisms  to  greater  capacity.  This  woulo  involve  the  dilatation  of  lymph  vessels  in  the  lymph 
system  as  well  as  other  mechanisms.  Thu?  the  sea  level  exposure  would  produce  transudation  in 
animals  that  were  better  able  to  clear  it,  avoiding  a  crisis;  they  are  sick  but  they  survive. 

The  difficulty  in  proving  this  hypothesis  is  that  we  know  so  little  about  transudation  in  the 
lungs,  short  of  terminal  pulmonary  edema. 

It  should  be  mentioned  that  pre-exposure  at  1/2  atmosphere  for  30  days  did  not  protect  rats 
indicating  a  difference  between  this  and  2/3  atmosphere.  The  significance  of  structural  and 
hemodynamic  changes  occurring  at  this  latter  pressure  remain  to  be  determined.  they  could  be 
transient  responses  that  are  reversible  on  return  to  room  air.  Similar  changes  have  been  re¬ 
ported  in  dogs  exposed  for  eight  months  at  5  PS  I A  (23). 

We  believe  that  these  observations  on  the  effects  of  oxygen  support  currently  held  hypotheses 
in  the  close  relationship  of  oxygen  toxicity  and  ionizing  irradiations  suggested  by  Herschman, 
et  al  (24)  and  Gerschman  (25).  The  initiating  mechanism  for  these  effects  would  be  the  formation 
of  free  radicals  in  tissue  which  is  a  function  of  ionizing  radiation,  I'o-i  as  well  as  metabolism. 

It  is  interesting  that  in  another  discussion  of  the  effects  of  irradiation  ;imong  others, 

Cassarett  (26)  mentions  specifically  the  bed  as  the  prime  site  of  action  of  the  jrant 

effects  that  proceed.  The  present  observations  on  the  effects  of  oxygen  on  the  pulr.. .irj.y  vascular 
bed  would  seem  to  support  this  suggestion. 
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SUMMARY 

The  United  States  Air  Force  has  expended  considerable  effort  during  the  past  year  to  enhance  the 
fire  safety  aspects  of  ground  based  simulators  which  use  oxygen  enriched  atmospheres  in  research, 
testing  and  hyperbaric  therapy.  This  paper  will  discuss  improvements  which  have  been  made  in 
removing  combustible  materials,  in  removing  ignition  sources  and  in  providing  fire  extinguishing 
systems.  Improved  noncombustible  materials  will  be  demonstrated.  Slides  and  movies  of  the  fire 
extinguishing  systems  will  be  shown. 
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THE  IGNITION  POINT  OF  MATERIALS  in  100%  oxygen  at  1  atmosphere  is  much  lower  than  the  same 
material  in  air  at  1  atmosphere.  The  burning  rate  of  filter  paper  in  air  at  1  atmosphere  is  approxi¬ 
mately  1  cm/sec  as  compared  to  approximately  4 .3  cm/sec  in  100%  oxygen  at  1  atmosphere.  (1)  A 
unique  characteristic  of  fire  in  100%  oxygen  is  the  extremely  rapid  surface  burning  characteristic 
or  "nap"  fire  which  instantaneously  spreads  over  the  surface  of  the  combustible  material  and 
initiates  multiple  point  sources.'^'  (Figure  1)  The  Aerospace  Medical  Division  conducts  many 
experiments  in  which  man  is  exposed  to  oxygen  enriched  atmospheres  either  as  a  human  test 
subject  or  during  the  course  of  tending  experimental  animals  or  equipment.  These  potential 
hazards  have  caused  the  Aerospace  Medical  Division  to  modify  significantly  the  fire  prevention 
and  extinguishment  aspects  of  its  simulators  which  use  these  atmospheres.  This  paper  will 
describe  some  of  the  modifications  which  have  been  accomplished. 

FIRE  PREVENTION  in  oxygen  enriched  atmospheres  should  follow  the  basic  axioms  of  fire  preven¬ 
tion  —  minimum  combustible  materials ,  minimum  ignition  sources  and  adherence  to  good  practices 
in  operation,  maintenance  and  training.  The  first  of  these  axioms  is  difficult  to  implement,  how¬ 
ever,  as  most  nonmetallic  materials  will  burn  in  100%  oxygen.  Combustibles  which  should  receive 
close  scruitiny  include,  among  others,  uniforms,  bedding,  helmets  and  insulation  on  electrical 
wiring.  Materials  which  were  evaluated  as  replacement  items  included  Nomex,  Polybenzamidazole , 
asbestos,  Beta  Fiberglas,  Teflon,  Kapton  and  combinations  of  these.  Each  of  the  materials  had 
advantages  and  disadvantages  when  compared  to  the  criteria  for  selection:  noncombustibility  in 
100%  oxygen  at  380  mm  Hg,  ability  to  be  fabricated  into  a  useful  item,  compatibility  with  person¬ 
nel  (present  no  dermatological  problems),  cost  and  durability.  Initial  problems  with  these  mate¬ 
rials  included  incompatibility  with  personnel,  lack  of  sufficient  material  strength,  cost  and 
general  unavailability.  (Figure  2)  The  material  finally  chosen  for  the  development  of  the  uniform 
is  a  9  oz/sq  yd  modified  crows  foot  woven  white  Beta  Fiberglas  fabricated  into  a  two  piece  outfit 
with  fiberglas  braid  at  the  waist  of  the  shirt  and  trousers  as  well  as  at  the  neck  and  hood  closures. 
The  sleeves  and  legs  have  a  small  piece  of  elastic  inside  the  cuffs  to  hold  the  material  tightly 
against  the  body  to  prevent  a  fire  from  propagating  up  the  arm  or  leg.  The  shirt  has  a  small  piece 
of  leather  sewn  to  the  chest  to  accommodate  an  alligator  clip  for  the  oxygen  hose  and  communica¬ 
tions  wire.  The  seams  are  modified  fell  seams  sewn  with  fiberglas  thread  with  no  loose  ends 
exposed.  The  uniform  is  worn  with  cotton  undershirt  and  shorts.  These  uniforms  have  proven 
successful  for  short  "flights"  to  tend  experimental  animals  as  well  as  for  long  duration  (32  days, 
continuous)  human  feeding  studies. 

The  same  basic  material  (Beta  Fiberglas)  and  sewing  techniques  are  used  in  fabricating  helmets  to 
replace  leather  flying  helmets  and  in  fabricating  personal  effects  bags.  The  personal  effects  bags 
can  be  used  to  store  necessary  combustibles  such  as  facial  tissue,  toilet  tissue,  food  packaging 
materials,  books,  etc.  ,  when  these  materials  are  not  in  use.  A  slightly  different  6  oz/sq  yd 
fiberglas  material  is  used  in  sheets,  pillowcases,  blankets,  mattress  covers  and  seat  cushions. 
The  stuffing  in  the  pillows,  mattresses  and  cushions  is  woven  and  matted  fiberglas  with  a  small 
amount  of  organic  binder.  This  organic  binder  will  burn,  however,  it  is  improbable  that  a  fire 
could  penetrate  the  outer  layers  of  such  articles  to  ignite  the  binder.  Kapton  or  Teflon  insulation 
has  proven  effective  on  electrical  wiring. 

Some  combustible  materials  have  not  been  replaced  either  because  the  degree  of  hazard  presented 
is  small  or  because  no  satisfactory  substitutes  have  been  found.  Some  of  these  items  include 
shoes,  socks,  oxygen  hoses  and  masks  and  wooden  shavings  for  animal  cages. 

REMOVAL  OF  IGNITION  SOURCES  primarily  entailed  modification  of  the  chamber  electrical  systems. 
Electrical  power  is  used  in  the  chambers  for  illumination,  environmental  control  systems,  atmos¬ 
pheric  sample  pumps,  fire  extinguishing  system  detectors  and  for  various  experimental  devices 
such  as  treadmills  and  performance  measuring  devices.  Electrical  power  is  brought  into  the 
chambers  through  a  fuse  box  and  then  cannon  plugs  to  a  junction  box.  From  the  junction  box  it  is 
transmitted  in  either  Teflon  or  Kapton  insulated  wiring  protected  by  conduit  or  cable  tray  to  its 
point  of  use.  The  wiring  is  derated  by  a  factor  of  two.  All  switching  which  cannot  be  accom¬ 
plished  external  to  the  chamber  is  hermetically  sealed.  Only  those  electrical  devices  which  are 
essential  to  the  experiment  in  progress  are  permitted  within  the  chamber.  In  some  chambers  where 
devices  which  potentially  overheat  are  not  readily  visible,  an  overheat  detection  and  alarm  system 
has  been  installed. 

It  should  be  recognized  that  it  is  Impossible  to  remove  all  combustible  materials  and  all  ignition 
sources  from  oxygen  enriched  atmospheres  used  in  human  experimentation  or  operations.'^' 

Indeed,  the  hair  on  the  surface  of  the  human  body  is  combustible.  To  cope  with  this  potentiality, 
a  fire  extinguishing  system  using  water  us  the  extinguishing  agent  has  been  designed,  fabricated 
and  tested.  This  system  will  extinguish  fires  in  cotton  materials  in  100%  oxygen  at  1  atmosphere. 
Such  a  fire  extinguishing  system  has  been  installed  in  13  Aerospace  Medical  Division  space 
environment  simulators  and  is  programmed  for  installation  in  four  additional  simulators. 
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THE  FIRE  EXTINGUISHING  SYSTEM  consists  of  three  basic  integrated  subsystems  --  fire  detection, 
control  circuitry  and  extinguishing.  The  detection  subsystem  uses  an  ultraviolet  (UV)  light  detec¬ 
tor  (Figure  3)  which  sends  a  signal  into  the  control  subsystem  when  light  in  the  UV  (1900A-2900A) 
region  is  emitted  by  the  fire.  Smoke  detectors  (Figure  4)  using  either  the  ionization  or  the  light 
path  occulsion  technique  are  also  used  to  sound  an  alarm.  The  UV  detector  is  less  sensitive  to 
false  activation  than  other  rapid  response  detectors  (such  as  infrared  detectors)  and  the  smoke 
detector  could  give  an  alarm  of  an  overheat  and  impending  fire  condition.  Other  types  of  detectors 
such  as  preset  temperature  or  rate  of  temperature  rise  do  not  have  the  needed  response  time. 

The  signal  from  the  smoke  detector  is  routed  through  the  control  circuitry  to  energize  only  visual 
and  audible  local  alarms  due  to  the  possibility  of  false  activation  of  the  detector  from  fog  (pro¬ 
duced  as  a  result  of  rapid  decompression  of  the  chamber)  or  from  several  other  nonfire  conditions . 
(Figure  5)  The  signal  from  the  UV  detector  is  routed  through  the  control  circuitry  and  performs 
several  functions.  If  the  control  circuitry  is  in  the  "manual-electric"  mode,  visible  and  audible 
local  alarms  are  energized  and  a  light  which  designates  the  "sensing"  detector  is  energized.  The 
chamber  operator  or  the  chamber  occupants  can  then  decide  whether  or  not  to  flow  the  water.  If 
the  water  flow  is  actuated,  the  functions  described  in  the  "automatic"  mode  occur.  If  the  control 
circuitry  is  in  the  "automatic"  mode,  electrical  power  to  the  chamber  (other  than  emergency  illumina¬ 
tion,  communications  and  fire  detectors)  is  deenergized,  normally  closed  solenoid  valves  are 
opened  to  initiate  the  water  flow,  local  audible  and  visual  alarms  are  energized,  the  Base  Fire 
Department  and  Dispensary  are  summoned  and  a  20  second  timer  is  energized.  After  20  seconds 
have  elapsed  the  water  is  automatically  turned  off  and  the  system  resets  itself  within  5  seconds 
for  a  second  application,  if  necessary.  The  control  circuitry  has  other  alarms  which  alert  the 
chamber  operator  to  such  conditions  as  low  water  pressure,  inoperative  fire  detectors,  low  battery 
power  (backup  power  mode),  valves  in  the  wrong  position,  etc.  "Manual  electric"  mode  switches 
for  initiating  the  water  flow  are  located  at  the  chamber  operator's  console  as  well  as  within  each 
compartment  of  the  chamber.  The  control  circuitry  is  designed  so  that  the  detectors  and  alarms  can 
be  tested  without  flowing  water. 

The  water  extinguishing  subsystem  is  supplied  either  from  the  base  water  distribution  system  or, 
if  the  demand  cannot  be  satisfied,  from  a  pressurized  tank.  (Figure  6)  The  system  is  designed  to 
flow  at  the  rate  of  7.5  gallons  per  minute  per  square  foot  of  chamber  floor  area'4)  through  a  series 
of  nozzles  to  disperse  the  water  in  a  spray/fog  so  as  to  cover  the  horizontal  and  vertical  planes 
from  both  directions.  If  a  pressurized  tank  serves  as  the  source,  it  should  have  sufficient  capacity 
for  at  least  two  and  preferably  three  20  second  applications.  The  water  extinguishing  subsystem  is 
integrated  with  the  detectors  and  control  circuitry  so  that  initial  water  flow  occurs  within  0.2 
seconds  subsequent  to  the  initial  appearance  of  flame  within  the  chamber.  The  water  flow  is 
stabilized  at  maximum  rate  within  0.5  seconds.  (Figure  7)  To  meet  this  criterion  the  water  is 
piped  from  the  source  into  the  chamber  and  through  the  distribution  system  inside  the  chamber  to 
differential  hydraulic  pressure  valves  which  are  located  adjacent  to  each  nozzle.  (Figure  8) 

Locating  the  valve  adjacent  to  the  nozzle  decreases  the  distance  the  water  must  flow  subsequent  to 
opening  the  valve  and  thus  decreases  the  reaction  time.  The  control  pressure  on  the  opposite  side 
of  the  valve  is  taken  from  the  same  water  source  so  that  fluctuations  in  the  supply  pressure  will  not 
falsely  activate  the  system.  The  water  flow  is  initiated  by  a  signal  from  the  control  circuitry  sub¬ 
system  energizing  a  normally  closed  solenoid  valve  in  the  control  line.  This  decreases  the  control 
pressure  and  the  hydraulic  valve  opens  permitting  the  water  to  flow.  When  the  solenoid  valve  is 
deenergized  the  control  line  pressure  increases  and  closes  the  valve  thus  stopping  the  water  flow. 
The  control  line  pressure  can  also  be  released  by  either  of  several  strategically  located  manually 
activated  quick  opening  ball  valves  so  that  the  chamber  can  be  protected  even  if  all  electrical 
power  is  lost . 

Several  fire  extinguishing  systems  of  this  basic  design  have  been  tested  subsequent  to  the  initial 
research  and  development  in  1967.  The  reaction  times  and  water  flow  rates  have  proven  effective 
in  extinguishing  fires  in  100%  oxygen  at  pressures  up  to  600  torr.  Although  the  water  flow  rate  is 
approximately  10  times  as  much  as  is  designed  for  extreme  fire  hazards  in  commercial  warehouses 
no  difficulty  with  human  compatibility  has  been  experienced . 

(Motion  picture  -  2  minutes  in  duration) 

GOOD  PRACTICES  IN  OPERATION,  maintenance  and  training  are  similar  to  those  established  for 
aircraft  by  the  Air  Force.  These  Include  definitive  assignment  of  responsibility,  standardizing 
operating  and  maintenance  procedures ,  maintaining  updated  schematics ,  flow  diagrams  and  wiring 
diagrams  for  each  chamber,  periodic  exercising  emergency  procedures  and  providing  sufficient 
formal  and  on-the-job  training. 

Thirteen  Aerospace  Medical  Division  chambers  have  been  modified  as  described  above  and  have 
returned  to  commissioned  status.  Attached  is  a  list  of  general  requirements  each  of  these  chambers 
had  to  meet  to  be  recommissioned.  The  modifications  have  proven  effective. 
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GENERAL  REQUIREMENTS  for  "manrated"  chambers  using  oxygen  enriched  atmospheres. 

1.  Potential  ignition  sources  should  be  minimized. 

2.  All  electrical  wiring  should  be  protected  from  cuts,  abrasions,  or  other  damage  by  conduit, 
metal  troughs,  etc. 

3.  All  electrical  equipment  should  be  grounded. 

4.  No  convenience  electrical  outlets  should  be  allowed  in  the  chambers. 

5.  Insure  that  fuses  are  of  proper  rating  and  type. 

6.  All  electrical  switching  should  be  accomplished  external  to  the  chamber.  If  this  is  not 
possible,  switches  should  be  hermetically  sealed. 

7.  All  unnecessary  combustibles  should  be  removed. 

3.  Clothing  and  bedding  for  personnel  in  the  chambers  should  be  noncombustible. 

9.  All  internal  wiring  should  be  insulated  with  Teflon  or  equivalent. 

10.  Fire  extinguishing  systems  should  be  provided. 

11 .  Definite  responsibility  for  the  chambers  should  be  assigned  at  the  daily  chore  level  for 
operations  and  maintenance  procedures. 

12.  Updated  schematics  ,  flow  diagrams  and  wiring  diagrams  for  each  cl  amber  should  be 
maintained . 

13.  SOP's  should  be  short,  to  the  point  and  verified  for  eacn  experiment. 

14.  Standard  procedures  for  kec;:ng  and  maintaining  operations,  maintenance  and  training  logs 
should  be  established. 

15.  Medical  review  of  chamber  operation  and  medical  surveillance  should  be  definitized. 

16.  An  emergency  medical  treatment  area  should  be  provided. 

17.  Emergency  procedures  and  systems  should  be  short  and  easily  accomplished. 

18.  Back-up  emergency  power  should  be  provided. 

19.  Provisions  should  be  made  for  both  internal  and  external  emergency  recompression. 

20.  A  communications  system  should  be  provided. 

21.  Each  experiment  protocol  should  be  reviewed  and  approved  by  a  laboratory  board  prior  to 
implementation . 
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Fig. 2  Beta  fiberglas  uniform 


Fig. 3  UV  detector 


Fig. 4  Smoke  detector 
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-  Dana  la  premiftre  parti e  de  l1 experience  oi  le  champ  magnfttique  eat  crfte,  lea  courbee 
t4molns  et  expftrimentales  sont  pratlquement  confondues  aprfts  la  phase  de  latence  ou 
"lag",  le  temps  de  doublement  d'une  baetftrie  eat,  dans  lea  deux  cas,  de  8?  mn. 

-  Dans  la  seconds  partle  de  l'exp<rlence,  qui  correspond  ft  la  suppression  du  champ,  on 
note,  dans  la  quinzaine  de  minutes  suivant  sa  chute,  une  augmentation  brutale  du 
nombre  de  baetftries  dans  les  lots  expftrimentaux.  Le  temps  de  doublement  passe  alors 
pour  ceux-ci,  ft  20  mn.  alors  que  celui  des  tftraoins  reste  inchangft. 

-  Dana  la  derniftre  partle,  qui  correspond  ft  la  reraise  sous  champs  des  ftchantillona 
expftrimentaux,  on  observe  qu'aprfts  cette  phase  de  croissance  trfts  rapide,  leur 
courbe,  aprfts  l’ftbauche  d'un  plateau,  tend  ft  devenir  parallels  ft  la  courbe  tftmoin; 

le  temps  de  doublement  est  alors  de  95  mn,  alors  que  celui  des  tftmoins  reste  ft  87  mn. 

On  a  done  l'impression  que  le  champ  magnfttique  a  peu  d'action  par  lui-meme  sur  le  taux 
de  croissance  des  bacteries;  par  contre,  11  semble  que  sa  variation  brutale  dans  le  temps 
entraine  une  augmentation  brusque  de  ce  taux.  Afin  de  verifier  ce  deuxiftme  point,  une 
seconde  sftrie  d'expftriences  est  entreprise. 

Dans  celle-ci,  la  souche  bactftrienne  est  utilisfte  3  heures  et  demie  aprfts  son  ensemence 
ment  de  facon  ft  se  trouver  dftjft  dans  sa  phase  de  croissance  exponentielle  et  ft  ne  pas  etre 
genfte  par  la  phase  de  latence.  On  expose  le  lot  experimental  pendant  4  mn  seulement  ft 
l'action  du  champ  magnetique,  puis  celui-ci  est  interrompu  dans  les  memes  conditions  que 
pr<eftd eminent ,  mais  contrairement  ft  la  sftrie  antftrieure,  on  ne  le  rfttablit  pas.  On  suit 
pendant  100  mn  1* evolution  du  taux  de  croissance  tous  les  ftchantillons  fttant  maintenus  ft  la 
temperature  constants.  Toutes  les  20  mn,  on  preiftve  une  ampoule  et  on  effectue  le  comptage 
des  bacteries  viables. 

Courbe  2  -  L' <tude  des  courbes  de  croissance  permet  de  retrouver  le  meme  phenomftne  avec 
ses  trois  phases. 

Alors  que  pendant  touts  1' experience  le  temps  de  doublement  des  bacteries  temoins 
reste  ft  4?  mn,  celui  des  bacteries  experimentales,  d'abord  identique  au  precedent,  passe  ft 
20  mn;  il  reprend  sa  valeur  initiale  aprfts  un  plateau  plus  nettement  marque  que  dans  la 
serie  precedente. 

Pour  complftter  cette  etude,  une  troisiftme  serie  a  ete  entreprise  en  faisant  varier 
plusieurs  fois,  au  cours  de  la  meme  experience,  la  valeur  du  champ  magnetique.  Les  tech¬ 
niques  bacteriologiques  utilisees  ont  ete  les  memes,  seuls  les  prftlftvements  ont  ete  plus 
frequents  (toutes  les  10  minutes).  Le  lot  experimental  a  ete  soumis  3  l'action  du  champ 
magnetique  pendant  trois  periodes  de  12  mn,  75  mn. et  75  mn.  sftparees  par  deux  interruptions 
de  13  mn.  et  de  75  mn. 

Dana  ces  conditions,  on  observe  (Courbe  3) 

-  Dans  les  minutes  suivant  les  variations  rapides  du  champ  magnetique:  une 
augmentation  de  la  vitesse  de  division  (respectivement  29  mn.,  24  mn.  et  24  mn.), 
alors  que  la  courbe- temoin  montre  une  vitesse  de  doublement  stable,  de  48  mn. 

L' augmentation  de  la  vitesse  de  croissance  est  suivie  par  un  plateau  survenant  quelle 
que  aoit  la  valeur  du  champ  magnetique  et  tendant  ft  ramener  la  courbe  expftrimentale  sur  la 
eourbe-tftmoin. 

CONCLUSION 


L' ensemble  de  ces  trois  series  d ' experiences  semble  confirmer  que  la  presence  d'un 
champ  magnetique  de  42,000  gauss  ne  perturbe  en  rien  le  taux  de  croissance  d ' Escherichia 
Coli  puisque  des  courbes  sim^xaires  de  croissance  sont  obtenues,  que  les  bacteries  soient 
ou  non  placees  dans  le  champ. 

Par  contre,  la  variation  brutale  de  ce  champ  semble  provoquer  des  modifications  mftta- 
boliques  au  niveau  de  la  bacterie  qui  se  traduisent,  dans  les  minutes  qui  suivent  cette 
variation,  par  line  augmentation  brusque  du  taux  de  croissance  ftvalue  par  le  nombre  de  bac¬ 
teries  viaoles. 

II  est  ft  reaarquer  que,  dans  toutes  les  experiences,  le  temps  de  doublement  obtenu 
lors  de  ces  periodes  de  croissance  acceiftree,  est  pratlquement  constant  et  de  l'ordre  de 
25  minutes,  ce  qui  est  proche  de  la  duree  minimale  de  replication  du  D.N.A.  bactftrien  pour 
la  souche  conaldftrfte. 

Tels  sont  les  rftsultats  bruts  de  nos  experiences.  II  est  bien  evident  que  leur 
interpretation  o' est  pas  simple  at  pose  de  nombreux  problftmes.  En  particulier,  sachant 
qu'en  phase  exponentielle  de  croissance,  les  bacteries  sont  "polynuclftes"  et  ont  deux  ou 
quatre  "noyaux",  se  pose  la  question  de  aavoir  si  1' augmentation  observee  du  nombre  de 
bacteries  viables  correspond  ft  une  division  cellulaire  complftte  (division  cytoplasmique 
associfte  ft  une  division  "nuclftaire"),  las  bacteries  filles  ayant  alors  le  meme  nombre  de 
noyaux  que  la  bacteria  mftre;  ou  bien,  s'il  a'agit  d'une  simple  division  cytoplasmique 
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La  mlse  au  point  par  les  Centres  de  Recherches  de  Physiq  ie  de  champs  magnetiques 
continus  de  plus  en  plus  intenses  d£passant  les  100,000  Gauss  et  de  champs  pulses  atteignant 
1,000,000  pendant  20  jisec,  permet  d'envisager  d'ores  et  dSjS  de6  applications  tant  scienti- 
fiques  (physique  corpusculaire  -  physique  du  solide)  qu' industrielles .  Sur  le  plan  biolo- 
gique  se  pose  alors  la  question  de  leur  action  sur  les  organismes  vivants. 

L'Stude  bibliographique  de  ce  sujet  r!v3le  de  nombreuses  contradictions  dans  les 
rdsultats  obtenus;  mais  une  analyse  plus  fine  des  protocoles  experimentaux  montre  que  les 
conditions  changent  d'une  experience  3  l'autre,  du  fait  de  nombreux  param3tres  en  cause, 
tant  physiques  que  biologiques.  De  facon  3  rdduire  ceux-ci  au  minimum,  nous  choisissons 
un  ph4noafcne  simple  et  reproductible:  l'etude  de  la  courbe  de  croissance  d'une  bacterie 
soumise  3  une  variation  donn3e  de  champ  magnetique,  cette  etude  n'etant  que  la  premiere 
etape  d'une  experimentation  plus  complete. 

MATERIEL  ET  MSTHODES 


Sur  Ie  plan  biologlque 

La  souche  bactdrienne  utilisde  est  une  Escherichia  Coll,  PA  309  resistante  3  la  strep¬ 
tomycins,  auxotrophe  pour  la  Threonine,  la  leucine,  l'histidine,  l'arginine  et  le  tryptophane, 
deficiente  en  vitamine  B^. 

On  ensemence  1  ml  d'une  culture  de  18  heures,  arriv4e  en  fin  de  phase  exponentielle  de 
croissance,  dans  100  ml  de  bouillon  Luria.  Apr3s  agitation,  on  le  repartit  en  ampoules 
scelldes  de  1  ml. 

On  divise  aieatoirement  l'er.semble  de  celles-ci  en  2  groupes  identiques.  Le  premier 
servant  de  t^moin  ne  subit  aucune  agression  physique,  le  second  est  place  dans  l'entrefer 
de  la  bobine  produisant  le  champ  magnetique. 

Les  deux  lots  sont  maintenus  3  une  temperature  constante  et  ider.tique  tout  au  long  de 
1' experience  grace  3  un  systfcme  de  thermostatation .  On  choisit  volontairement  une  tempera¬ 
ture  assez  basse,  24  ou  26  ,  de  facon  3  augmenter  le  temps  de  croissance,  done  3  etaler 
les  courbes,  et  ainsi  3  faire  mieux  ressortir  les  eventuelles  differences  entre  les  series 
temoins  et  experimentales . 

A  intervalles  de  temps  reguliers,  une  ampoule  de  chaque  lot  est  ouverte,  et  on  proc3de 
3  la  numeration  des  baetdries  viables  par  la  mdthode  des  dilutions  successives  et  d'etale- 
ment  sur  boltes  de  Petri  contenar.t  une  geiose  Luria.  Pour  chaque  echantillon,  on  ensemence 
plusieurs  boites  avec  plusieurs  dilutions  successives  de  facon  3  pouvoir  r4duire  au  mieux 
l'ecart  type. 

Sur  le  plan  physique  (Figure  1) 

Le  champ  magnetique  est  cree  par  un  aimant  supraconducteur  autour  d’un  canal  transversal 
offrant  une  section  de  2  x  4  cm  dans  lequel  sont  places  les  echantillons  experimentaux. 
L'aimant  est  constitue  de  deux  bobines  en  fil  de  Niobium-Zirconium  refroidies  3  4,2°K  par 
immersion  dans  de  l'heiium  liquids;  dans  ces  conditions,  l'alliage  devient  supraconducteur 
ce  qui  permet  le  passage,  sans  resistance  interne,  d'un  courant  de  l80  amperes.  Ainsi  est 
realise  dans  le  canal  transversal  un  champ  magnetique  de  42,000  gauss,  continu  et  uniforme, 
puisque  la  variation  de  champ  est  inf4rieure  3  5  p.  100  jusqu'3  34  mm,  de  part  et  d'autre 
du  centre  du  canal.  L'heiium  est  maintenu  dans  un  cryostat  pour  r!duire  au  minimum  son 
evaporation.  Les  dimensions  de  1' ensemble  de  l'appareil  sont  relat' vement  reduites: 

250  mm  de  diam3tre  et  500  mm  de  hauteur. 

La  mise  sous  champs  ne  peut  etre  effectuee  da's  les  conditions  actuelles  que  tr3s 
progressivement  en  6  mn,  ce  qui  fait  une  variation  de  champ  magnetique  dans  le  temps  de 
( /\  B//\  t )  de  l'ordre  de  116  G/sec. 

Par  contre,  l'interruption  brutale  de  1 ' alimentation  par  blocage  thermique,  permet  une 
rupture  de  champ  tr3s  rapide,  celui-ci  passant  de  42,000  gauss  3  une  valeur  residuelle  de 
quelaues  gauss  en  400  msec.,  soit  un  ^  B/^  T  !gal  3  105,000  G/sec. 

RES'JLTATS 

Dans  une  prerai3re  serie,  la  sourche  bacterienne  est  utilisee  iramediatement  apr3s  son 
ensemencement,  de  facon  3  etre  en  phase  de  croissance  exp#riraentale.  Le  lot  experimental 
est  expos!  pendart  13°  minutes  3  l'action  du  champ  magnetique,  puis  on  interrompt  celui-ci 
brusquement  selon  les  modalites  d!crites  plus  haut.  35  minutes  apr3s  l'arret  du  champ, 
on  le  retablit  ju3qu'3  la  fin  de  1 ' experience ,  soit  pendant  5  heures. 

Tous  les  echantillons  tant  experimentaux  que  temoins  sont  maintenu6  3  temperature 
constante.  Toutes  les  demi-heures,  on  preiive  une  ampoule  de  chaque  let  »t  on  effectue  le 
comptage  dea  bacteries  viables. 

Courbe  1  -  L'exaraen  de  la  courbe-type  de  croissance  nous  montre  que: 
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sans  replication  immediate  des  "chromosomes"  bact£riens;  dans  ce  cas,  les  bact£ries  filles 
auraient  un  nombre  de  noyaux  infirieur  9  celui  de  la  bactirie  mire. 

Par  ailleurs,  reste  5  expliquer  le  micanisme  d'action  de  la  variation  de  chac.p  magn i- 
tique.  Des  experiences  compieraertaires  utilisant  des  metabolites  radio-marques  perjettront 
peut-etre,  de  resoudre  ees  problimes. 

Ces  risultats,  se  rapprochent.  d'une  certaine  facon  de  deux  cue  nous  avior.s  rapportie 
9  la  21ine  reunion  de  l'AGARD,  9  Lisbonne  en  1?64,  ofi  nous  avions  montre  que  des  champs 
hyperfrequences  (ou  radar)  augmentaient  le  metabolisme  de  certaines  cellules. 


Travail  du  Groupe  de  Biophysique  du  Centre  de  Recherches  de  la  C.G.E.  et  du  paboratoire  de 
Biologie  Aerospatiale  uu  C.E.R.M.A. 
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Figure  1 

ENSEMBLE  DU  DISPOSITIF  D ' EXPER IMENTATION  i 


de  gauche  a  droite  :  le  container  d'H61iua  liquide,  le  champ  magnitique 
supraconducteur  dans  son  cryostat,  1 ' alimentation. 


C  n. 


Temps  de  doublement  des  batteries  en  mn. 
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minutes 
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SUMMARY 

THE  HJRPOSX  o: f  this  paper  is  to  outline  the  arrangements  in  the  Royal  Air  Force  for  itrateglc  and 
taotieal  aeroaedical  evacuation  and  to  describe  sose  of  the  equipment  whloh  has  been  developed  for 
the  task. 

AIRCRAFT  floen  on  BAR  scheduled  aeroaedical  flights  from  Singapore,  Bahrein  and  Germany  as  well  as 
those  used  for  the  UX  Internal  flights  are  desorlbed.  The  problems  of  non-echeduled  flights, 
oommunloations  and  certain  medical  oategoriea  Involved,  are  mentioned. 

BqUIPKENT  is  briefly  described  under  the  following  headings: 

a.  light  Alloy  Stretcher 

b.  New  East  Radcliffe  Respirator 
o.  Bleaae  Automan  Resuscitator 

d.  RAF  turning  frame 

e.  Meohanical  and  eleotrical  suokers. 

AEROMEDICAL  EVACUATION  UNITS  have  been  developed  for  taotieal  operational  use.  These  units  are 
self  contained  in  personnel  and  equipment  inoludlng  transport.  Their  role  is  to  evacuate  not  to 
treat  casualties.  Equipment  is  described  under  the  following  headings: 

a.  Tentage 

b.  Generator  and  lighting 

c.  Cookset/Steriliser 

d.  Lightweight  containers 

e.  Vehioles 
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arromethcal  evacuation  (pi) 

Wing  Commander  D.  W.  Atkinson,  Deputy  Prinoipal  Medical  Officer  (Air) 

HQ  Air  Support  Command  RAP 

THE  PURPOSE  of  this  paper  is  to  outline  the  arrangeaents  in  the  Royal  Air  force  for  strategic  and 
taotioal  aeroaedioal  evacuation  and  to  describe  soae  of  the  equipment  which  has  been  developed  for 
the  task. 

strategic  asromedical  evacuation 

In  order  to  preserve  flexibility  in  the  use  of  its  transport  foroe,  the  RAP  has  no  aircraft  used 
wholly  for  aeroaedioal  purposes.  All  RAP  transport  aircraft  oan  be  partially  or  completely  roled 
to  carry  stretchers  (litters).  Every  routine  passenger  or  freight  aircraft  carries  stretcher 
equipoent  to  perait  the  eaergenoy  transport  of  two  or  three  stretcher  patients. 

SCHEDULE  ASROMEDICAL  PLIGHTS  are  however  flown  every  week  to  the  United  Kingdom  from  Singapore  or 
fro*  Bahrein,  palling  at  intermediate  stations  en  route.  A  weekly  service  is  flown  from  Germany. 
The  aircraft  of  Air  Support  Command  used  on  these  routes  are  as  follows; 

BRITISH  AIHCRAPT  CORPORATION  VC  10  is  a  four  engined  jet  aircraft  employed  on  the  Slngapore- 
UK  route.  It  oan  carry  up  to  72  stretohers  or  136  seated  patients  but  as  normally  roled,  9 
stretchers,  30  seated  patients  and  soae  60  passengers  are  carried. 

BRISTOL  BRITANNIA  MX  1  la  the  oldest  of  the  RAP's  strategio  aircraft.  The  turbo-prop 
Britannia  accepts  53  stretchers  or  110  seated  patients.  Standard  scheduled  loads  from 
Bahrein  through  Cyprus  and  Malta  are  up  to  16  stretohers  and  65  seats. 

AVRO  ANDOVER  C  MK  1  provides  a  weekly  lift  from  Germany  of  9  stretchers  and  16  seated  patients. 
The  twin  turbo-prop  Andover  will  aocept  a  navi mum  load  of  up  to  18  stretchers  or  64  seats. 

UK  INTERNAL  PLIGHTS  are  undertaken  by  Pembroke  fixed  wing  aircraft  and  by  Wessex  or  Whirlwind 
helicopters.  The  Pembroke  is  the  only  unpressurised  aircraft  used  for  aeromedioal  evacuation  and 
has  a  load  oapaoity  of  6  stretohers  or  7  eeata.  More  often  then  not  it  is  used  to  transport  a 
single  case  with  suitable  esoorts.  The  Wessex  helioopter  aooepts  up  to  8  stretohera  or  16  seats 
whilst  the  Whirlwind  has  a  shorter  range  and  oan  take  only  6  stretohers  or  9  seats;  again  the 
■exinun  oapaoity  la  very  rarely  used  as  spaoe  for  nursing  patients  would  be  very  restricted. 

WITH  THE  VC  ID  INTRODUCTION  in  May  1967,  e  nixed  aaromedlcal/paasenger  load  was  scheduled  rou¬ 
tinely.  An  aeroaedioal  ward  o one apt  was  therefore  introduced  with  the  forward  part  of  the 
aircraft  screened  off  from  the  remainder  of  the  seated  patients  and  peas eng era,  to  provide  a 
stretcher  ocapertaent. 

IN  EMERGENCY,  a  apeclal  aeroaedioal  flight  oan  be  mounted  from  the  UK.  In  practice  however,  it 
la  Boat  unooaaoo  for  this  to  be  neoessaxy.  Communications  are  so  effective  and  the  Air  Support 
Commend  fleet  so  active  that  there  is  almost  Invariably  a  suitable  aircraft  within  easy  reach  of 
any  overseas  military  theatre.  These  aircraft  are  controlled  by  the  Operations  Centre  at  Air 
Support  Command  Headquarters  which  is  of  course  continually  manned.  A  duty  medical  staff  officer 
at  the  Headquarters  Is  able  to  arrange  to  divert  e  suitable  aircraft  where  It  Is  required. 

COMMUNICATIONS  are  normally  made  by  means  of  signals  massages,  but  there  is  teleprinter  link 
between  the  Operations  Centre  end  all  overseas  staging  posts  on  the  route  to  the  Par  Bast.  Single 
side  bend  equipment  permits  voioe  communication  with  aircraft  in  flight  over  a  wide  range.  For 
example,  medical  advioe  has  been  passed  between  Upavon,  in  Southern  England,  end  the  captain  of  an 
aircraft  on  an  aeromedioal  flight  over  the  East  Mediterranean.  The  clarity  of  speeoh  was  com¬ 
parable  with  a  long  distance  telephone  oall.  An  efficient  communication*  system  is  the  key  to  en 
efficient  aeromedioal  service.  It  is  beoauae  of  a  lack  of  our  normally  exoallant  direct  oommini- 
oationa  that  unusual  off-route  speoial  flights  occasionally  oause  problems.  This  ooourred 
recently  when  we  sent  an  Andover  to  SW  France  to  eolleot  a  British  soldier  Injured  there.  A  24 
hour  delay  in  returning  the  patient  hone  ooourred  due  to  a  misunderstanding  caused  by  oomnunioa- 
tion  difficulty. 

OTHER  AIRCRAFT  la  use  la  the  Commend  whioh  may  be  converted  to  carry  aeromedioal  patients  are: 

COMET  4,  four  engined  jet  el ro reft  which  are  now  rarely  used  for  aeromedioal  flights, having 
been  replaoed  by  the  VC  10.  They  oan  however  oarry  12  stretohers  and  46  seats  per  aircraft. 

ARGOSY  four  anglaed  turbo-prop;  this  is  a  taotioal  aircraft  with  a  capability  of  conversion 
to  taka  48  atretohmra  or  72  aemta. 

uwpgnaw  (cl30)  of  whioh  ths  RAP  now  tms  a  substantial  number.  This  American  type  aooepts 
either  74  stretohera  or  92  seats  or  a  combination  of  both. 

BELFAST  is  basloally  a  freight  oarrlar;  this  alroraft  would  only  bo  used  to  oarry  patients 
In  an  emergency. 
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THE  EMBRCBfC?  CASES  which  provide  the  bulk  of  our  mors  difficult  speoial  aeroasdlcal  flights  come 
fraa  tba  following  oatagorias: 

a.  Spinal  Injury. 

b.  Renal  failure. 

c.  Multiple  injuries. 

SPINAL  INJUR'/  In  serving  personnel  overseas  ia  frequently  due  to  a  factor  acoident,  diving  into 
shallow  water  or  even  into  eapty  swimming  pools.  In  the  absence  of  respiratory  paralysis, 
patients  oan  be  transported  with  minimum  delay  nursed  on  the  RAP  turning  fraae  to  which  reference 
is  aade  later.  Where  respiratory  paralysis  accompanies  a  high  level  spinal  fracture,  the  pro- 
bleas  are  of  oourse  greater.  Hot  only  has  the  patient  to  be  nursed  on  a  turning  fraae  but  his 
respiration  requires  aeohanicel  support.  In  the  RAY,  the  Radoliffe  Int  emit  tent  Positive 
Pressure  Respirator  is  used  and  operated  by  an  anaesthetist  who  invariably  leads  the  specially 
trained  aeroasdlcal  taaa.  This  tsaa,  with  its  equipaent,  oan  be  despetohed  from  the  UK  at  short 
notice.  For  example  on  Chris taaa  Eve  1967  a  aassage  was  reoelved  froa  the  Far  East  asking  for  a 
taaa  to  transport  a  patient  with  a  spinal  lesion.  The  taaa  was  on  its  way  by  1500  hours  on 

Christaas  Day  by  olvil  aircraft.  The  patient  returned  subsequently  on  one  of  our  VC  10's. 

Ideally,  the  teaa  is  given  at  least  48  hours  at  the  destination  hospital  to  assess  the  patient's 
fitness  to  fly  end  to  give  hia  oonfidenoe  in  the  teaa  and  their  equipaent.  The  teaa  also  has 
ties  to  recover  froa  whet  nay  have  bees  e  long  outbound  trip.  If  the  teaa  leader  considers  It  in 

the  patient's  interest  to  delay  the  return  flight  for  e  further  period  he  is  able  to  arrange  this 

through  Air  Support  Coaaand  Headquarters.  On  arrival  in  the  UK,  hslioopter  transfer  froa  airfield 
to  hospital  is  invariably  arranged.  The  Rational  Spinal  Injuries  Centre  at  Stoke  Mandeville  is 
ertranely  cooperative  in  accepting  servioe  oases  end  e  hslioopter  landing  pad  ia  available  there. 

RENAL  FAILURE  aay  be  due  to  prlaaiy  renal  disease  or  secondary  to  trauma.  The  RAF  has  used  arti¬ 
ficial  kidneys  for  nany  years  and  the  renal  aachlna  froa  our  hospital  at  Halton  has  several  tlaaa 
been  dispatched  to  overseas  theatres  to  dialyse  oases  of  acute  renal  failure.  The  a in  is  noraally 
however  to  recognise  the  onset  of  renal  failure  at  an  early  stags  and  to  transport  the  patient  to 
the  UK  for  treatment  at  the  renal  unit.  The  case  of  a  Royal  Marine  NCO  illustrates  this.  This  nan 
sustained  multiple  injuries  due  to  the  explosion  of  a  3  in oh  mortar  fuse  while  operating  in  the 
Arabian  Peninsula.  There  was  the  virtual  loss  of  the  right  lag,  right  era  and  left  hand  with 
massive  injuries  to  the  feoe,  left  leg  and  anterior  eapeot  of  the  body.  Oliguria  developed  after 
transfer  to  Aden  for  surgery  end  in  the  a beano a  of  a  renal  unit  tan  peritoneal  dialysis  oyolea 
were  performed.  Next  day  he  was  emplaned  on  a  VC  10  and  during  the  flight  to  the  United  Kingdom 
a  further  14  peritoneal  dialysis  oyolea  were  carried  out.  On  arrival  in  England  ha  was  trans¬ 
ferred  to  the  RAF  renal  unit  by  hslioopter.  A  total  of  26  haemodialyses,  that  is  on  the 
artificial  kidney,  were  required  before  the  patient  was  out  of  danger.  He  wade  a  good  recovery 
considering  his  primary  injuries  with  little  impairment  of  renal  funotion. 

MULTIPLE  INJURIES  aay  be  due  to  explosives  or  to  motor  vehicle  accidents,  depending  on  the  theatre 
involved  and  the  state  of  military  activity.  Cases  of  extensive  injury  have  frequently  been 
successfully  transported  by  air;  our  busiest  period  in  reoent  times  sms  during  the  withdrawal 
from  Aden.  The  ease  of  the  Royal  Marine  NCO  already  oited  illustrates  the  extent  of  injuries 
encountered.  Another  example  was  that  of  six  soldiers  injured  in  a  military  reoonnaissanoe 
vehicle  in  North  Africa.  They  suffered  extensive  bums  and  various  injuries  and  ware  conveyed  to 
Malta  by  an  Argosy  of  the  Near  Bast  Air  Force,  transferred  to  the  UK  by  an  Air  Support  Command 
Britannia  and  to  hospital  by  two  helicopters.  The  whole  operation  went  smoothly  because  of  good 
oomunioetions. 

A  further  example  conoerns  an  Army  signs liar  who  was  transferred  from  Airis  to  Northolt ,  after  e 
road  aocident  in  which  ha  sustained  left  radial  nerve  paralysis,  a  best  injury  complicated  by 
mgiyeme,  fractured  pelvis,  fractures  of  tba  left  femur,  tibia  and  buaerut.  A  medical  team  of  six 
including  a  surgeon,  anaesthetist  and  too  nursing  sisters  mas  dispatched  in  an  Andover  to  esoort 
him.  There  were  no  problems  on  this  particular  flight. 

AERONDICAL  tgUXFNafT 

a.  Light  Alloy  Stretchers.  Ve  have  been  developing  a  lightweight  stretcher  for  aero- 

aedlcal  use  for  over  a  year  and  are  now  about  ready  to  go  into  production.  The  final  product 
la  in  magnesium  alley  with  a  woven  texylen#  doth  bearing  surface.  Total  weight  is  only  12 
lbs  (5i  kilograms).  Rigid  cross  bars  ware  found  to  be  necessary  for  adequate  strength  and 
these  are  detachable  for  stowage  of  the  stretcher j  we  see  no  need  for  really  rapid  erection 

of  an  aeronedlsal  stretcher.  It  is,  of  oourse,  made  to  Stansg  2040  dimensions.  At  least 
one  stretcher  will  be  tested  to  destruotlon  at  the  Royal  Aircraft  Establishment. 

b.  Nsw  East  Badollffs  Respirator.  Mention  has  already  been  mads  of  the  us#  of  positive 
pressure  equipment  in  transporting  oasts  of  respiratory  paralysis  by  sir.  Our  present  res¬ 
pirator  has  the  following  disadvantages! 

(1)  It  weighs  450  lbs  (204.5  kilograms). 

(2)  It  oonslsts  of  separata  pump,  bumidiflar  end  batteries. 
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(3)  It  uses  wet  batteries  for  its  emergency  power  which  the  regulations  speolfy  as 
faasardous  ear go, 

A  new  respirator  has  therefore  bean  developed  which  is  nuoh  lighter,  is  a  single  self-oontalned 
unit  and  anploys  snail  dry  cells  for  its  energenoy  eleotrioal  supply. 

o.  Blease  Automen  Besuscitator.  This  piece  of  equipnent  whioh  is  oarrled  on  all  BAB  Search 
and  Rescue  helicopters  as  well  as  aeronedloal  flights  is  a  relatively  siaple  apparatus  for 
administering  air  or  oxygen  autonatioally.  It  operates  regardless  of  ohest  site  so  that  no 
barn  can  follow  unskilled  use.  In  our  Search  and  Rescue  helioupte. medically  trained  per¬ 
sonnel  are  not  usually  oarrled. 

d.  RAF  Turning  Frane.  The  Stryker  turning  fraae  whioh  was  used  in  the  BAF  for  soae  tine 
far  transporting  spinal  injury  eases  proved  to  be  very  bully  for  use  in  aircraft  and  had  no 
proper  a cans  of  attachment  within  the  aircraft  and  had  to  be  lashed  to  the  floor.  The  RAF 
turning  fraae  was  therefore  developed  to  the  overall  dimensions  of  a  standard  NATO  stretcher 
so  that  it  oould  he  oarrled  in  the  air  on  stretcher  supports;  it  also  fits  all  service 
aabu lances.  Bade  by  the  Martin  Baker  Aircraft  Coopany  it  weighs  85  lbs  (38*5  kilograms)  and 
has  proved  to  be  a  auooessful  piece  of  equipment.  The  fraae  can  be  aounted  on  a  plinth  to 
give  a  reasonable  working  height  and  all  round  aooaas  to  the  patient. 

e.  Mechanical  and  Blaotrioal  Suckers.  Both  of  these  types  of  eueker  are  in  use  in  the  RAF; 
the  els  Ctrl  cal  equipment  operates  from  the  aircraft  supply  of  28  volts  DC.  The  foot- 
operated  Cape  sucker  lw«  been  found  to  be  a  simple  effective  instrument  whioh  is  independent 
of  eleotrioal  supplies. 

TACTICAL  AERONKDICAL  EVACUATION 

By  this  term  is  meant  aeromedioal  evacuation  from  a  forward  unsophisticated  airstrip  In  an  opera¬ 
tional  situation.  For  this  role  a  number  of  Aeromedioal  Evacuation  Units  ( ABU)  have  been  formed. 
Eaoh  unit  ia  self-contained  in  equipment  and  personnel  and  ia  composed  of  two  Identical,  independ¬ 
ently  viable  cub-unite  or  flights.  An  AEU  operates  with  an  army  medical  unit  and  is  intended  to 
evacuate  not  treat  casualties;  the  only  treatment  afforded  is  continuation  treatment. 

PERSONNEL 

There  are  2A  personnel  In  eaoh  AEU  (12  in  eaoh  flight)  including  2  doctors,  2  medical  NCO's,  A 
registered  male  nurses,  2  cooks  and  the  remainder  nursing  attendants.  All  members  of  the  unit  are 
also  qualified  drivers. 

EQUIPMENT 

New  equipment  ie  continually  under  development. 

ACCOMMODATION  consists  of  tent  units  aach  12  feet  x  12  feet  whioh  oan  be  combined  or  used  singly. 

The  tents  are  easily  erected  on  a  light  alloy  framework.  They  have  an  inner  skin  of  white  fabrio 
which  provides  a  light  working  environment. 

LIGHTING  is  provided  by  a  portable  generator  which  is  petrol  driven.  It  is  reliable;  one  genera¬ 
tor  1m  oapabla  of  providing  sufficient  eleetrioity  for  the  use  of  one  AEU  Flight.  Special  eleotrio 
bulbs  are  used  whioh  are  screwed  directly  into  the  electrlo  cable;  the  method  is  quite  safe  even 
in  set  conditions. 

C00K3ST/3TERILISKR  enables  the  unit  to  feed  itself  and  its  patients.  The  oookaet  is  a  oompaot 
piece  of  equipment  whioh  gives  constant  hot  eater  and  whioh  incorporates  trays  for  sterilising 
instruments.  It  oan  be  operated  either  by  butane  gas  cylinders  or  patrol.  It  has  proved  an 
extremely  safe  and  effiolant  pieoe  of  field  equipment. 

REFRIGERATORS  are  provided  on  e  scale  of  one  to  eaoh  flight  for  the  storage  of  vaccines  and  other 
perishable  supplies.  They  an  lightweight  and  paraffin  operated. 

LIGHTWEIGHT  CONTAINERS  are  used  to  contain  medical  equipment.  They  oonslst  of  lightweight  alumin¬ 
ium  boxes  with  fitted  trays,  and  have  proved  vary  satisfactory,  but  in  the  interests  of  further 
weight  saving  the  use  of  fibreglass  oan  tain  ere  1*  being  explored. 

VEHICLES  for  eaoh  flight  oonslst  of  a  email  field  ambulance  built  on  the  Landrover  o hassle  and  two 
Landrover  all  purpose  vehicles.  Eaoh  of  theae  two  vehicles  oan  be  oanverted  to  aoeapt  two  stret- 
ohers  by  fitting  lightweight,  collapsible  stretoher  gear. 

The  AEU  mmy  be  transported  in  any  taotioal  aironaft  -  for  example,  Hsroules ,  Andover  or  Argosy. 

Cue  flight  with  its  personnel,  equipment  and  vehicles  oan  be  oarrled  by  one  Hercules. 

SUMMABT 

This  short  papor  la  intended  to  give  an  outline  of  aeronedloal  evacuation  as  opsrmtsd  by  the  Royal 
Air  Faros  snd  also  to  serve  ss  an  introduction  to  tho  papers  *>ioh  follow. 
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Fig. 1  Interior  of  Avro  Andover  in  which  aeranedical  patients  are  transported  weekly  from 

Germany  to  the  IK 


Fig.  2  Interior  of  VC  10  showing  part  of  stretcher  compartment.  The  litters  are  supported 

on  outriggers  from  the  substantial  removable  posts 


Fig. 5  The  RAF  turning  frame  mounted  on  a  hospital  trolley.  It  is  designed  to  fit 

standard  NATO  litter  supports 
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Fig. 6  RAF  electrical  sucker  for  use  in  aircraft 


Fig. 7  The  Cape  foot-operated  sucker 
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Fig. 8  Rlease  Automan  Resuscitator  provides  automatic  respiration,  manual  respiration  or 

oxygen  only  for  spontaneous  respiration 
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EXPERIENCES  IN  AIR  TRANSPORT  OF  PATIENTS  IN  PEACE  TIME 


Major  Roger  Ney,  OAF,  MC 
University  Hospitals 
Ousseldorf 
Germany 
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ON  ACCOUNT  OF  the  ever-increasing  density  of  traffic  and  owing  to  their  specific  flying 
capabilities  the  utilisation  of  helicopters  for  the  evacuation  of  eaergeney  patients  is  of 
growing  importance.  In  comparison  to  emergency  ambulances,  helicopters  have  the  advantage 
of  being  road-independent,  thus  enabling  quick  transport  of  patients.  Equally  important 
is  the  possibility  of  continuing  life-saving  measures  whilst  in  flight. 

I  will  report  on  thirty-five  helicopter  missions  within  the  area  of  the  University 
Hospitals  in  Dnsseldorf,  Germany.  In  the  University  Hospital  area  a  helicopter  landing 
site  has  been  provided  which,  however,  is  not  equipped  with  any  lighting  for  night  missions. 
Therefore  all  flights  have  been  conducted  during  daylight  and  with  good  visibility.  The 
hospitals  were  informed  by  phone  of  the  forthcoming  transfer  and  in  most  oases  also  of  the 
nature  of  the  injury. 

Bequests  for  a  helicopter  mostly  resulted  from  an  emergency  situation  requiring  immediate 
and  as-fast-as-possible  transfer  of  the  patient  into  a  special  department. 

In  25  eases  air  transport  was  arranged  by  the  hospital  physician  first  treating  the  patient 
on  account  of  peculiarities  of  the  injury  or  sickness.  Whole  blood  was  twice  flown  in  an 
emergency  situation.  Seven  patients  .were  flown  directly  from  the  scenes  of  accident  to 
University  Hospitals  on  the  initiative  both  of  doctors  who  happened  to  pass  by  or  of  traffic 
police.  Thus  victims  of  autobahn  accidents  were  initially  transported  by  police  helicopters 
of  the  ALOUETTE  II  type,  the  subsequent  transfer  without  exception  being  carried  out  by 
high-capacity  helicopters  of  the  German  or  Allied  forces. 

One  disadvantage  of  the  ALOUETTE  type  police  helicopters  is  the  narrow  cabin,  which  does 
not  allow  optimal  in-flight  treatment  required  to  be  given  to  the  severely  injured  patient 
indicated  to  prevent  or  treat  incidents,  for  instance  an  aspirator.  During  transfers  by 
means  of  the  more  spacious  army  helicopters,  on  the  other  hand,  both  medical  care  and 
attendance  by  medical  personnel  were  very  good  on  account  of  emergency  equipment. 

Shock  treatment  of  accident  victims  during  transportation  from  the  scene  of  accident  to  the 
Hospital  was  mostly  insufficient.  But  in  spite  of  these  disadvantages  speedy  evacuation 
of  the  injured  may  prove  to  be  of  life-saving  importance.  A  45-years  old  woman  was  flown 
directly  to  the  hospital  without  any  shock  treatment  after  a  head-on  collision  with  her  car 
on  the  autobahn.  Shock  treatment  was  started  immediately  following  her  arrival  in  the 
hospital.  She  had  suffered  a  brain  injury,  multiple  fractures  of  the  spine  and  of  all 
extremities  as  well  as  a  complicated  closed  thorax  and  abdominal  injury  with  an  intra- 
abdominal  haemmorhage.  Shortly  afterwards  she  was  operated  on  and  the  ruptured  spleen,  as 
well  as  4  litres  of  blood  contained  in  the  abdominal  cavity,  were  removed.  After  17  weeks 
the  patient  was  discharged  from  the  hospital. 

Notwithstanding  the  successful  outcome  in  this  particular  case,  sufficient  cabin  space  is 
mandatory  to  enable  immediate  and  continued  intensive  therapy.  Small  helicopters  are 
suitable  only  for  patients  suffering  from  foot  and  leg  Injuries. 

Because  of  the  type  of  the  injury  or  its  effects,  the  remaining  18  accidental  victims  were 
transferred  after  having  received  initial  surgical  treatment.  They  Included  6  patients 
for  the  department  of  neuro-surgery  and  3  patients  for  the  department  of  dental  surgery,  in 
addition  to  4  helicopter  missions  flown  to  transfer  victims  suffering  from  gas  gangrene  for 
hyperbaric  oxygen  therapy.  All  of  these  patients  had  been  prepared  for  transport  and  were 
transferred  in  spacious,  heated  helicopters  with  in-flight  attendance  by  doctors  and/or 
medical  personnel. 

The  in-flight  emergency  equipment  consisted  of  infusicn  fluids,  blood  equipment  for  endo¬ 
tracheal  intubation  and  suction  and  oxygen  treatment.  In  one  instance  a  female  patient 
whose  emers«ncy  thoracotomy  in  another  hospital  had  to  be  interrupted  was  flown  to  our 
hospital  in  narcosis  with  anaesthesia  apparatus.  In  our  clinic  the  operation  was  completed. 

Another  patient  with  a  serious  thorax  injury,  hemothorax,  rupture  of  the  diaphragm  and 
spleen,  who  received  initial  treatment  in  a  country  hospital,  was  flown  to  Dusseldorf  over 
a  aist*.  ice  of  160  kilometers  with  continuous  blood  transfusion  at  balanced  circulation 
volume  and  immediately  operated  on  upon  arrival.  He  left  the  hospital  after  16  days. 

Today  the  transport  of  eaergeney  patients  in  exterior  cabins  cannot  be  justfied  any  more. 

In  December  last  year  a  severely  Injured  man  with  Lefort  I  and  II  and  a  lower  jaw  fracture 
was  transported  in  a  defective  exterior  cabin  resulting  in  a  total  undercooling  when  he 
arrived  at  the  University  Bespital.  The  rectal  temperature  was  at  the  critical  low  of 
324C.  A  rewarming  period  of  at  least  4  hours  was  necessary  before  the  patient  could  be 
operated  on. 

The  other  patients  for  the  department  of  dental  surgery  were  endotracheally  Intubated  or 
traeheotoa&sed  prior  to  the  flights,  which  were  made  by  large  helicopters.  Both  the 
neuro-surgical  patients  and  those  with  brain  and  spinal  cord  injuries  were  air-transported 
with  the  attendance  of  doctors  and/or  medical  personnel.  Among  the  emergency  patients 
flown  to  the  department  of  medicine  we  also  had  hemodialysis. 
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In  Oeraany  the  employment  of  holieoptora  for  eaergenoy  evaouation  is  atill  relatively  rars. 
It  is  all  the  aors  necessary  to  illnstrats  its  advantages,  possibilitias  and  liaitations. 
As  against  tha  wall-known  adTantagas  of  quick  and  oaraful  transport,  thara  a ra  oar tain 
rastrietions  which  ona  should  knowt 

1.  Tha  usa  of  halieoptars  is  dapandant  on  tha  waathar  and  tha  tiaa  of  day; 

2.  Bran  though  a  halieoptar  cannot  land  aTarywharo,  it  is  wall  abla  to  raseua  any  Tietia 
by  usa  of  tha  eabla  winch; 

3.  While  piston-driaan  haliooptars  naad  a  car tain  warning-up  tiaa,  this  is  no  longer 
necessary  for  turbine-driTen  halieoptars; 

4.  Tha  transport  trauaa  caused  by  Tibration  and  noise  any  be  ignored  in  eaergeneies. 

From  a  aadieal  point  of  view  thara  are  certain  requireaents  regarding  tha  typaa  of 
helicopters; 

1.  Tha  eabin  aust  be  sufficiently  large,  lined  and  heatable; 

2.  Tha  attending  staff  should  consist  of  an  anesthetist  and/or  aadieal  personnel  with 
shook  training; 

3.  A  coaplata  kit  aust  be  on  board  for  rasusoitation  and  shock  therapy. 

Under  these  prealses  thara  are  no  contra-indications  to  helicopter  aTaeuation  of  emergency 
patients,  nor  any  aeroaedieal  problaas  caused  by  low-level  flying. 

Tha  aaployaent  of  helicopters  is  indicated: 

1 .  In  eaergeneies  in  districts  where  evacuation  by  conventional  means  is  either 
impossible  or  vary  difficult; 

2.  to  evacuate  aaargancy  patients  directly  from  the  scene  of  accident  to  the  hospital; 

3.  to  transfer  suoh  patients  to  special  dapartaants  of  central  hospitals  froa  a  country 
hospital  whore  thay  have  received  initial  treatment; 

k.  to  transport  whole  blood  and  drugs  in  an  emergency; 

5.  to  transport  doctors,  teaas  and  aadieal  personnel  in  a  catastrophic  situation. 

The  purchasing  price  as  well  as  the  expenses  for  aaintenanoe  and  personnel  of  helicopters 
are  high  and  not  economic  for  a  private  ooapany.  It  is,  therefore,  suggested  that  the 
Oeraaa  military  air  rescue  be  extended  and  based  on  civilian  airports.  The  eaergency 
ambulance  la  the  standard  vehlole  for  the  transport  of  eaergency  patients,  especially  so 
In  urban  districts.  The  utilisation  of  helicopters  should  auppleaent  but  not  replace  the 
eaergency  ambulance  in  eaergency  oases  where  air  evacuation  will  decisively  reduce  trans¬ 
porting  time  or  in  order  to  continue  intensive  therapy. 
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UNIVERSITY  HOSPITALS  OF  OUSSELOORF:  Air  Transports 


Fig. 1  Map  of  the  air  transports  in  the  area  of  the  University  Hospitals  of 

Diisseldorf,  Germany 


UNIVERSITY  HOSPITALS  OF  OUSSELOORF 
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SUMMARY 

This  study  was  undertaken  in  am  attempt  to  review  specific  aeromedical  problems  arising 
during  the  rescue  of  downed  airmen  under  combat  conditions  and,  in  particular,  to  assess  the 
need  for  new  or  improved  rescue  equipment  and  techniques. 

Interviews  were  conducted  with  medical  personnel  and  rescue  teauns  recently  returned 
from  Southeast  Asia.  A  total  of  42  rescues  was  studied.  Information  was  obtained  concerning 
the  rescue  and  medical  support  equipment  used,  rescue  techniques  employed,  type  and  frequency 
of  survivor  injuries,  and  problems  encountered  during  rescue  operations. 

Results  show  the  range  of  injuries  sustained  by  aircrew  personnel  under  combat  conditions 
dictates  the  need  for  certain  classes  of  medical  support  equipment  to  be  carried  in  rescue  vehicles 
and  specific  training  to  be  given  to  helicopter  rescue  crewmen.  The  injury  classes  include: 

(1)  serious  loss  of  blood  from  lacerations  caused  by  penetrating  shell  fragments,  (2)  spinal 
fractures  and  severe  cervical  strains,  (3)  fractures  of  one  or  more  extremities,  and  (4)  shock. 

The  equipment  carried  and  the  training  of  rescue  crewmen  must  be  appropriate  for  these  injuries. 
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IN  A  RECENT  SYMPOSIUM  held  at  the  Naval  Air  Development  Center,  a  young  Air  Force  officer 
who  had  been  rescued  following  the  loss  of  his  plane  in  Viet  Nam  gave  a  description  of  the  condition 
of  a  pilot  after  ejection  and  safe  landing.  This  officer  said  that,  without  fail,  the  survivor  of  a 
combat  ejection  will  be  "still,  scared,  sore,  tired,  and  in  some  degree  of  shock.  " 

In  addition,  the  survivor  may  have  suffered  wounds  from  anti-aircraft  shell  fragments  or 
may  have  been  injured  during  escape  from  an  aircraft  likely  to  be  violently  out  of  control.  This 
being  the  case,  we  must  ask  ourselves  three  questions.  First,  what  rescue  equipment  is  most 
appropriate  for  dealing  with  an  individual  in  this  condition?  Second,  what  medical  support 
equipment  is  required  to  care  for  his  injuries  during  the  period  of  transit  to  a  complete  medical 
facility?  Third,  to  what  extent  may  we  rely  on  the  survivor  to  participate  actively  in  the  rescue 
operation  ?- 

The  Naval  Air  Systems  Command  is  responsible  for  the  development  of  airborne  rescue 
vehicles  and  specific  items  oi  equipment  used  during  rescue.  The  adequacy  of  this  equipment  is 
assessed  initially  at  specific  points  in  the  development  cycle.  Later  information  concerning  the 
operational  adequacy  of  equipment  is  gotten,  in  large  measure,  from  data  collected  and  analyzed 
by  the  Naval  Safety  Center. 

There  are  two  points  regarding  this  type  of  evaluation  information  which  must  be  considered. 
First,  tests  which  are  conducted  during  the  development  of  an  item  of  rescue  equipment  use 
subjects  who  are  in  the  best  of  health  and  physical  condition.  This  contrasts  with  the  condition  of 
a  wounded  airman  who  has  just  ejected  into  hostile  territory.  Second,  data  concerning  the  medical 
aspects  of  aviation  rescues  contained  at  the  Naval  Safety  Center  are  based  almost  entirely  on 
accidents  occurring  during  training  and  operational  non-combat  flying.  This  is  because  there  is 
no  requirement  for  a  flight  surgeon  to  complete  a  Medical  Officer's  Report  when  the  accident 
occurs  as  a  result  of  combat  activity.  The  purpose  of  this  is  to  lessen  the  administrative  burden 
on  the  flight  surgeon  during  such  times.  However,  it  removes  a  valuable  source  of  information 
concerning  the  adequacy  of  combat  rescue  operations.  As  a  result,  this  study  was  undertaken 
in  an  attempt  to  review  specific  aeramedical  problems  arising  during  the  rescue  of  downed 
airmen  under  combat  conditions  and,  in  particular,  to  assess  the  need  for  new  or  improved 
equipment  and  techniques. 

Data  for  this  study  were  obtained  through  interviews  with  medical  personnel  and  rescue 
teams  recently  returned  from  Southeast  Asia.  Twenty-one  flight  surgeons  and  two  medical 
service  corps  officers  were  questioned  concerning  specific  rescue  events  which  had  occurred 
during  their  recent  Viet  Nam  tours.  The  experience  of  these  individuals  was  based  on  service 
aboard  11  operating  carriers  and  at  two  Viet  Nam  shore  facilities.  In  addition,  14  helicopter 
rescue  pilots  and  crewmen  were  interviewed  concerning  rescue  techniques  and  the  use  of  equip¬ 
ment.  It  is  interesting  that  among  this  small  group  of  helicopter  personnel  were  two  holders  of 
the  Navy  Cross  and  two  who  had  been  awarded  the  Silver  Star.  It  is  obvious  that  the  life  of 
helicopter  rescue  crews  is  not  dull  and  monotonous. 

Table  1  presents  summary  data  concerning  the  rescue  narratives  which  were  developed 
through  the  interviews.  A  total  of  42  rescues  were  studied.  Of  these,  the  majority  were 
accomplished  by  helicopters  rather  than  destroyers  and  occurred  at  sea  during  daylight  hours. 


Table  1 

Summary  Data  Concerning  Rescue  Cases 
Number  of  rescues  studied:  42 

Time  period:  March  1966  -  July  1968 

Rescue  circumstances: 

Helicopter  37  Day  30  Sea  34 

Destroyer  5  Night  12  Land  8 

Crewman  status: 

No  injuries  13 

Injured  prior  to  rescue  24 

Died  prior  to  rescue  1 

Injured  during  rescue  2 

Died  during  rescue  _2 

42 
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Of  the  42  crewmen  involved,  13  were  recovered  uninjured.  Twenty-four  suffered  injuries  and  one 
died  prior  to  rescue.  Two  were  injured  during  the  rescue  operation  itself  and  two,  who  were 
apparently  uninjured  prior  to  rescue,  most  unfortunately  lost  their  lives  during  the  rescue  process. 
These  last  four  instances  alone  provide  justification  for  a  detailed  examination  of  current  rescue 
procedures. 

RESCUE  TECHNIQUES 


A  necessary  first  step  in  studying  the  rescue  process  is  to  examine  the  techniques  used  by 
rescue  crews. 

The  Search  and  Rescue  procedures  and  equipme;  t  currently  being  employed  in  Southeast 
Asia  are  undoubtedly  the  best  that  have  ever  been  avai.able  to  carrier-based  aircrews.  The 
combat  SAR  net  consists  of  several  ships  which  maintain  station  close-in  to  the  shore.  On  board 
these  ships  is  the  necessary  radio  communication  and  direction  finding  equipment  to  talk  with 
pilots  who  are  in  difficulty  and  to  pin-point  their  locations.  Based  on  these  SAR  ships  are  heli¬ 
copters  and  crews  specially  equipped  and  trained  to  locate  and  rescue  downed  aircrewmen. 

Figure  1  shows  the  UH-2  helicopter,  the  Seasprite,  which  was  primarily  designed  for  plane  guard 
and  search  and  rescue.  This  helicopter  is  the  one  which  is  predominantly  used  at  this  time  for 
SAR  missions.  Figure  2  shows  the  SH-3  helicopter,  the  Sea  King,  primarily  designed  for  anti¬ 
submarine  warfare,  but  capable  of  performing  the  SAR  mission.  Both  helicopters  are  equipped 
with  rescue  hoists,  enabling  the  recovery  of  downed  personnel  without  having  to  land. 

Combat  survivors  are  rescued  from  both  water  and  land.  To  facilitate  rescue  in  both 
environments  a  number  of  rescue  devices  are  used.  Table  2  shows  the  rescue  devices  in  present 
use.  The  snap-on  connector  is  used  primarily  for  water  pick-ups.  It  attaches  the  rescue  cable 

to  one  of  the  two  riser  connector  fittings  located 
on  the  torso  harness  worn  by  attack  carrier 
aviators.  The  rescue  sling  is  used  both  for  water 
and  land  pick-ups.  The  rescue  seat  and  forest 
penetrator  are  used  for  land,  or  so-called  in¬ 
country,  rescues.  Figure  3  shows  the  latest 
forest  penetrator  which  is  low-.i  eo  through  trees. 

Combat  rescues  from  tht.  watf.r  have 
recently  undergone  a  major  change.  No  longer 
does  the  helicopter  hover  over  the  survivor  until 
the  rescue  has  been  completed.  The  survivor  is 
approached  and  the  helicopter  flares,  slowing  to 
approximately  ten  feet  of  altitude  and  10  knots 
airspeed.  The  number  2  crewman,  designated 


1. 

2. 

3. 

4. 

5. 


Table  2 

Helicopter  Rescue  Devices 
In  Use  In  Southeast  Asia 

Snap-on  connector 
Rescue  sling  (horse  collar) 
Rescue  seat  (three  pronged  seat) 
Forest  penetrator 
Stokes  litter 


the  "swimmer,  jumns  from  the  helicopter  at 


this  point.  The  helicopter  departs,  makes  a 
circle  and  returns  in  about  2  1/2  minutes. 

During  this  time  the  swimmer  makes  sure  of  the  physical  condition  of  the  survivor  and  prepares 
him  for  the  hoist  maneuver.  The  helicopter  upon  returning  enters  a  low  hover  at  5  feet  for 
approximately  30  seconds  while  the  rescue  cable,  which  has  been  previously  coiled  on  the  floor 
of  the  helicopter,  is  hand  cast  to  the  swimmer.  The  swimmer  attaches  the  snap  connector  to  one 
of  the  "D"  rings  of  the  survivor  and  both  are  hoisted  aboard. 

This  man- in-the -water  technique  has  proven  very  effective.  Rather  than  rely  on  the 
survivor  to  perform  all  the  pre-hoist  actions,  the  swimmer  assesses  the  situation  and  acts 
accordingly.  In  short,  whereas  the  survivor  may  be  injured  and  in  shock  and  is  in  an  alien 
environment,  the  swimmer  is  in  an  environment  for  which  he  is  well  trained. 

The  swimmer  does  not  wear  normal  flight  clothing.  He  enters  the  water  wearing  a  swim 
suit,  face  mask,  flippers,  sheath  knife,  and  a  UDT  vest  (uninflated).  Some  carry  on  the  vest, 
inflatable  splints  (arm  and  leg)  so  that  a  fractured  limb  can  be  immobolized  for  the  hoist  and 
helicopter  entry.  The  primary  concern  of  the  swimmer  is  to  make  sure  the  survivor  is 
divested  of  the  parachute,  and  not  entangled  in  any  way. 

Once  onboard  the  helicopter,  the  helicopter  crewmen  perform  the  appropriate  first  aid 
treatment  while  the  survivor  is  flown  to  the  nearest  medical  facility,  which  typically  is  the  SAR 
ship  or  an  aircraft  carrier. 


INJURY  STATUS  OF  SURVIVORS 

A  major  reason  for  this  study  was  to  examine  the  kind  and  frequency  of  injuries  sustained 
by  aircrewmen  prior  to  and  during  the  rescue  operation  and  then  to  examine  the  rescue  equipment 
and  medical  support  equipment  in  the  light  of  these  injuries.  It  was  felt  that.  Inasmuch  as  this 
study  was  restricted  to  only  those  instances  in  which  the  1ms  of  the  aircraft  occurred  as  a  direct 
resuh  of  combat  activity,  the  injuries  might  be  somewhat  different  in  kind  than  those  found  with 
operational  and  training  accidents.  Table  3  presents  a  tabulation  of  the  various  injury  types  which 
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Table  3 


Injuries  Suffered  by  Rescued  Crewmen 


1 

Injury  Type 

Prior  to 
Rescue 

During 

Rescue 

Head 

Concussion 

1 

Facial  and  scalp  lacerations 

9 

1 

Facial  burns 

1 

Upper  Extremities 

Lacerations  of  hands  and  arms 

4 

1 

Burns  of  hands 

1 

Fracture  of  arm 

1 

Spine 

Compression  fracture,  cervical 

1 

Cervical  strain 

2 

Compression  fracture,  thoracic 

1 

Compression  fracture,  lumbar 

2 

Back  pain 

1 

Torso 

Neck  lacerations  and  contusions 

1 

2 

Neck  burns 

1 

Avulsive  injuries  of  chest 

1 

Mid-torso  contusions  and  lacerations 

14 

1 

Lower  Extremities 

Lacerations  and  abrasions  of  leg  and  knee 

10 

Fracture  of  leg 

4 

Derangement  of  knee  joint 

1 

Systemic 

| 

Major  shock 

4 

Injuries,  multiple  extreme 

1 

Drowning 

1 

were  noted.  As  can  be  seen,  injuries  were  distributed  rather  uniformally  across  the  body.  There 
is  no  evidence  of  any  concentration  of  injury  to  a  particular  body  area. 

A  more  informative  examination  of  the  injuries  suffered  by  rescued  crewmen  can  be  obtained 
by  placing  these  injuries  into  a  limited  number  of  qualitatively  different  classes.  The  result  of 
such  a  tabulation  is  shown  in  Table  4  which  shows  both  the  number  and  percentage  of  cases  falling 
in  seven  basic  classes.  Although  the  number  of  cases  is  much  too  small  to  exact  any  rigorous 
statistical  comparisons,  some  interesting  observations  can  be  made  concerning  the  distribution 
of  injuries  shown  in  Table  4. 

The  most  frequent  injury  involves  lacerations,  contusions,  and  abrasions  of  various  areas 
of  the  body.  Seventy-two  percent  of  the  injured  crewmen  suffered  in  this  manner.  Here  we  see 
one  rather  obvious  difference  between  these  injuries  and  those  which  would  be  found  with  non-combat 
accidents.  Appra  mately  one  third  of  the  lacerations  were  produced  directly  by  penetration  of  the 
body  by  shell  fragments  or  small  arms  projectiles.  In  these  cases  the  flow  of  blood  during  the 
rescue  process  frequently  was  quite  severe,  requiring  immediate  attention  by  the  rescue  crewmen, 
ft  should  also  be  noted  that  approximately  one  out  of  five  of  the  rescuees  had  suffered  either  a 
compression  spinal  fracture  or  a  severe  spinal  strain.  This  has  serious  implications  for  the  manner 
in  which  the  airman  is  lifted  from  the  water  and  subsequently  transferred  from  the  rescue  vehicle. 
Any  bending  or  serious  torsion  placed  on  the  spinal  regions  during  this  process  could  seriously 
aggravate  this  injury.  Fourteen  percent  of  the  cases  involved  a  fracture  of  one  or  more  limbs, 
indicating  a  need  for  readily  available  splints  in  the  rescue  vehicle.  Finally,  an  additional  fourteen 
percent  of  the  cases  involved  retrieving  an  individual  who  was  in  some  state  of  serious  shock.  In 
these  cases,  the  survivor  is  totally  unable  to  assist  in  the  rescue  operation  and  requires  Immediate 
medical  attention  to  prevent  further  development  of  the  shock  condition. 
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Table  4 

Classes  of  Injury  Suffered 
by  Rescued  Crewmen 
(29  Cases) 


In  general,  it  was  found  that  injuries 
do  predominate  in  certain  basic  classes  and 
tv>at  the  nature  of  these  injuries  does  have 
implications  both  for  the  type  of  rescue 
technique  employed  and  the  type  of  medical 
support  equipment  which  should  be  carried 
in  the  rescue  vehicle. 

MEDICAL  SUPPORT  EQUIPMENT 

At  this  time  there  exists  no  standard 
SAR  medical  support  equipment  kit.  The 
type  and  amount  of  equipment  carried  is 
left  to  the  discretion  of  the  local  command. 
As  a  result  there  is  wide  variation  in  the 
medical  support  items  which  are  carried. 
The  primary  duty  of  SH-3  squadrons  is 
anti-submarine  warfare.  Therefore  they 
usually  carry  only  very  basic  items  such 
as  blankets,  morphine,  battle  dressings 
and  tourniquets.  There  are  exceptions, 

of  course,  where  either  the  plane  commander  or  the  command  have  put  together  more  equipment 
as  they  deem  necessary.  The  SAR  helicopters,  the  UH-2's,  normally  have  a  more  complete  set 
of  medical  equipment  with  the  addition  of  splints,  oropharyngeal  airway,  Ace  wrappings,  scissors 
or  pneumatic  cutters,  and  ammonia  ampules. 

Many  flight  surgeons  aboard  attack  carriers  have  issued  additional  medical  supplies  to  the 
attack  aircrews.  Table  5  shows  a  list  of  medical  items  which  flight  surgeons  report  having 
issued  to  pilots.  The  items  which  have  an  asterisk  are  the  more  common  items,  ones  which 
almost  all  flight  surgeons  reported  they  have  made  available  to  flight  crews.  This  equipment 
is  placed  either  on  or  jn  the  flight  clothing  or  in  the  SV-2  survival  vest. 


Class 

Number 

Percent 

Concussion 

1 

3 

Lacerations  and  contusions 

21 

72 

Spinal  fracture/severe  strain 

6 

21 

Limb  fracture 

4 

14 

Burns 

1 

3 

Shock 

4 

14 

Drowning 

1 

3 

Table  5 

Medical  Support  Equipment 
Being  Issued  to  Attack  Aircrews 


PROBLEMS  ENCOUNTERED  IN  RESCUES 

Problems  reported  by  the  medical  officers 
and  rescue  crews  interviewed  can  be  classified 
in  three  categories:  procedures,  equipment,  and 
training. 

Procedural  problems  in  all  cases  concern 
the  survivor  and  are  based  entirely  on  comments 
of  the  personnel  performing  rescues.  These 
include  the  unfamiliarity  of  the  survivor  with  the 
rescue  equipment,  not  knowing  how  to  use  the 
rescue  sling  or  the  forest  penetrator,  remaining 
in  the  raft  (the  downwash  causes  the  raft  to  drift 
and  makes  approach  by  helicopter  more  difficult), 
not  releasing  parachute,  and  a  more  subtle 
comment  that  pilots  are  unfamiliar  with  thd  null 
area  around  the  helicopter's  antenna  which  causes 
a  loss  of  radio  communication  when  directly 
below  the  helicopter  unless  the  survival  radio 
antenna  is  horizontal.  Another  common  complaint 
is  that  survivors  leave  the  radios  on  "beeper" 

(tone)  continually  thus  jamming  the  emergency  " 

frequency.  There  is  no  standard  procedure  for  use  of  beeper  mode  and  the  receive  mode. 

Equipment  problems  experienced  by  survivors  involve  the  usual  issues  of  equipment  which 
fails  to  operate,  items  not  stored  for  ready  accessibility,  and  items  which  either  operate 
improperly  or  produce  additional  problems  when  they  are  functioning.  All  comments  relate  to 
the  well  known  difficulties  of  achieving  100  percent  reliability  in  equipment  performance  under 
field,  and  particularly  under  combat  conditions.  Solutions  to  these  problems  are  being 
achieved  as  rapidly  as  feasible. 

Training  problems  concerned  berth  the  survivor  and  the  rescue  crew.  There  is  a  continuing 
requirement  for  aviators  to  achieve  an  even  more  comprehensive  checkout  in  the  use  of  personal 
survival  equipment  and  in  current  rescue  techniques.  This  pertains  especially  to  the  new  man-in- 
the-water  procedure. 

It  was  generally  concluded  that  rescue  crewmembers  require  additional  training  in  first  aid 
and  emergency  medical  techniques,  additional  familiarity  with  Air  Force  flight  equipment  since 
Air  Force  personnel  frequently  are  rescued  by  Navy  helicopter  crews,  and  more  realistic  practice 
in  actual  rescue  techniques,  particularly  in  the  case  of  crewmen  trained  primarily  in  anti-submarine 
warfare  helicopters. 


*  1. 
*  2. 

*  3. 

4. 

5. 

*  6. 

7. 

8. 
*  9. 
*10. 


Ace  wrap 

Ammonia  ampules 

Battle  dressing 

Halazone  (water  purification) 

Insect  repellent 

Morphine  syrettes 

Salt  tablets 

Tetracycline  (infection) 
Tourniquet  (one  hand  type) 
Water  flasks 
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RECOMMENDATIONS 

The  data  of  this  study,  and  in  particular  the  comments  of  those  persons  interviewed, 
support  three  general  recommendations.  These  are: 

1.  The  range  of  injuries  sustained  by  aircrew  personnel  under  combat  conditions  dictates 
the  need  for  certain  classes  of  medical  support  equipment  to  be  carried  in  rescue  vehicles  and 
specific  training  to  be  given  to  helicopter  rescue  crewmen.  The  injury  classes  include: 

(1)  serious  loss  of  blood  from  lacerations  caused  by  penetrating  shell  fragments,  (2)  spinal 
fractures  and  severe  cervical  strains,  (3)  fractures  of  one  or  more  extremities  and  (4)  shock. 
The  equipment  carried  and  the  training  of  crewmen  must  be  appropriate  for  these  injuries. 

2.  The  type  and  amount  of  medical  support  equipment  to  be  carried  in  helicopters  should 
be  standardized.  Items  should  be  contained  in  a  manner  which  permits  ready  location  and 
identification  in  daylight  or  darkness. 

3.  There  is  a  continuing  need  to  train  aviation  personnel  and  rescue  crewmen  concerning 
the  specific  tasks  involved  in  the  rescue  process  and  particularly  in  the  use  of  the  rescue 
equipment. 
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SUMMARY 

Recent  advances  in  the  development  of  medical  equipment  have  provided  for  the  capability  to 
safely  and  comfortably  move  sick  and  wounded  casualties  in  multi -mission  cargo-type  aircraft. 

The  requirement  for  reduced  weight  and  bulk  Inherent  in  the  air  transport  mode  has  led  to  many 
innovations  and  adaptations  in  equipment.  Equipment  has  been  developed  to  facilitate  the 
reconfiguration  into  an  air  evacuation  mode  in  less  than  one  hour  so  that  casualties  may  be 
evacuated  by  the  same  aircraft  that  delivers  supplies  to  forward  area  airheads .  Special  medical 
equipment  has  been  designed  for  use  in  the  several  multi-mission  aircraft  (C-7,  C-123,  C-130, 
C-141)  that  perform  short  range  (250  Km)  tactical  missions.  On  long  range  aeromedical  evacuation 
missions  a  special  care  unit  is  presently  being  developed  to  enable  seriously  ill  patients  to  be 
moved  over  long  distances  when  adequate  medical  capability  is  not  available  at  the  originating 
site.  Described  will  be  methods  for  the  rapid  conversion  of  cargo  aircraft  into  the  aeromedical 
evacuation  role.  Also  presented  will  be  the  contributions  of  specialized  medical  equipment  to 
transport  casualties  in  cargo-type  aircraft  for  both  the  Tactical  and  Strategic  Aeromedical 
Evacuation  (STANAG  3204) . 


ft 
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RECENT  ADVANCES  AND  NEW  CONCEPTS  IN  THE  AIR  EVACUATION 
OF  PATIENTS  IN  CARGO  TYPE  AIRCRAFT 

DURING  FEBRUARY  AND  March  1968,  the  Aerospace  Medical  Division  of  the  Air  Force  Systems 
Command  assisted  an  Industry  team  perform  a  systems  analysis  of  the  Aeromedical  Evacuation 
System.  A  major  portion  of  this  study  was  conducted  in  Southeast  Asia  and  involves  the  aero¬ 
medical  evacuation  of  casualties  in  cargo  type  aircraft.  In  Vietnam  and  in  off-shore  countries 
(Japan,  Philippine  Islands,  Okinawa,  Guam)  medical  facilities  were  visited  and  aeromedical 
evacuation  observation  flights  accomplished.  In  July  1968,  a  study  was  initiated  by  the 
Aerospace  Medical  Division  to  determine  the  effects  of  early  aeromedical  evacuation  on  seriously 
wounded  casualties.  The  objective  of  this  effort  was  to  describe  the  battle  casualties  and  their 
status  and  problems  as  related  to  early  movement  by  air.  Discussed  in  this  paper  is  the  move¬ 
ment  of  casualties  in  cargo  aircraft  in  the  tactical  aeromedical  evacuation  system  —  the  intra¬ 
theater  or  tactical  link  from  the  battle  zone  to  supporting  hospitals. 

During  the  war  in  Vietnam  a  wealth  of  experience  has  been  gained.  This  experience  has  differed 
considerably  from  past  wars  because: 

a .  The  type  of  warfare  is  different . 

b.  Some  instruments  of  war  have  changed. 

c.  Time  lapse  from  injury  to  definitive  care  is  remarkably  reduced  as  is  the  time  between 
geographic  echelons  of  treatment. 

d.  Surgical  procedures  and  techniques  have  advanced  and  a  host  of  new  medications  has 
been  introduced. 

The  most  leadily  apparent  new  factor  affecting  the  medical  care  of  battle  casualties  occurring  in 
the  current  Southeast  Asia  conflict  is  the  marked  reduction  in  the  time  lapse  from  injury  to  initial 
first  aid,  from  first  aid  to  competent  resuscitation  care,  from  resuscitation  care  to  first  stage 
surgical  care,  definitive  care  and  rehabilitation. 

After  the  battlefield  pickup  and  initial  surgical  treatment,  most  casualties  are  further  moved  to 
either  another  hospital  in  RVN  or  to  a  definitive  care  medical  facility  in  one  of  the  near  off-shore 
countries.  Patients  are  moved  from  one  air  base  to  another  in  Vietnam  and  evacuated  to  off-shore 
hospitals  by  the  USAF  theater  aeromedical  evacuation  system.  Theater  aeromedical  evacuation  is 
the  controlled  air  transportation  of  the  sick  and  wounded  in  the  combat  and  communication  zone. 

BACKGROUND 

Tactical  air  evacuation  is  the  oldest  form  of  moving  patients  by  air.  Its  history  dates  to  the  siege 
of  Paris  in  1870  on  which  occasion  160  patients  were  successfully  evacuated  by  balloon.  In  the 
early  developmental  years  of  the  airplane  it  was  visualized  that  patients  could  be  carried  by  this 
new  means  of  transportation.  Early  efforts,  however,  for  this  purpose  were  not  regarded  as  safe 
or  practical.  As  the  performance  of  the  airplane  was  improved,  the  feasibility  of  the  airplane 
"ambulance"  became  evident  to  the  few  military  aviation  enthusiasts  who  foresaw  the  future 
possibilities  of  the  transportation  of  casualties  by  air.  During  World  War  I  the  airplane  was  used 
for  aeromedical  evacuation  of  casualties  only  to  a  very  minor  extent.  At  best,  the  service  type  of 
planes  were  far  from  satisfactory  since  a  patient  was,  of  necessity,  wedged  into  the  narrow  cockpi 
of  the  open  plane.  In  1915,  during  the  Serbian  Retreat,  Captain  Dangelzer  and  Lt  Paulhan  of  the 
French  Air  Service  evacuated  a  dozen  wounded  men  a  distance  of  80  to  200  kilometers  using 
service-type  airplanes .  In  February  1918,  at  Gerstner  Field,  Louisiana,  USA,  Major  Nelson  E. 
Driver,  MC,  and  Captain  William  C.  Ocker,  Air  Service,  converted  a  JN-4  ("Jenny")  airplane  into 
an  air  ambulance.  This  plane  was  converted  by  changing  the  rear  cockpit  so  that  a  special  type 
litter  with  patients  could  be  accommodated.  These  men  are  credited  with  the  first  aeromedical 
evacuation  of  patients  in  an  airplane  in  the  United  States  and  their  work  aided  in  demonstrating  the 
practicability  of  transporting  patients  by  air. 

In  1921,  Major  Epanlard  of  the  French  Army  organized  the  first  airplane  ambulance  organization 
consisting  of  six  airplanes ,  each  adapted  for  transporting  two  or  three  litter  patients  for  use  in 
the  Rlfflan  War  in  Morocco.  During  these  operations  In  1922,  more  than  1,200  patients  were 
aeromedically  evacuated.  In  1923,  nearly  1,000  patients  were  aeromedlcally  evacuated  without 
accident  from  forward  strips  near  the  Atlas  Mountains  across  desert  regions  to  the  hospitals 
located  near  established  bases  far  to  the  rear.  This  trip  required  a  few  hours  instead  of  several 
days  and  the  airplane  definitely  proved  to  be  superior  to  all  other  forms  of  transportation. 
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Aeromedlcal  evacuation  in  this  military  operation  not  only  conformed  to  the  principle  of  early 
surgical  aid  for  casualties  but  markedly  reduced  the  problem  of  transportation.  Plcque  predicted 
in  1924:  "In  the  future,  hours  will  replace  days  In  calculating  the  duration  of  wounded  transport." 
He  further  illustrated  the  military  and  logistic  advantages  of  aeromedlcal  evacuation  of  casualties, 
in  the  following  statement:  "By  rapidly  removing  the  wounded  from  the  fighting  zone,  the  medical 
aeroplane  has,  in  a  remarkable  manner,  relieved  the  convoys,  economized  the  fighting  troops, 
and  hastened  the  advance  of  attacking  columns" ,  a  statement  which  appears  to  have  been  an 
accurate  presage  of  future  employment  of  aeromedlcal  evacuation. 

THEATER  AEROMEDICAL  EVACUATION 

Theater  aeromedlcal  evacuation  operates  wholly  within  an  overseas  theater  or  combat  zone.  It  is 
organized,  staffed,  equipped,  and  oriented  toward  combat  support.  Patient  movement  is  effected 
within  and  from  combat  zones  in  the  specific  theater  of  operations .  The  Air  Force  operates  two 
such  systems  —  one  in  Europe  and  one  in  the  Western  Pacific  area.  Since  the  Korean  War  until 
recently  these  operations  had  been  typified  by  peacetime  evacuation  missions  of  ailing  servicemen 
and  their  family  members.  The  onset  of  American  involvement  in  the  hostility  of  Southeast  Asia  has 
occasioned  smooth  transition  to  the  primary  combat  support  mission.  Theater  aeromedlcal 
evacuation  utilizes  both  single  purpose  and  multi-purpose  aircraft. 

TACTICAL  AEROMEDICAL  EVACUATION 

There  are  four  vital  links  in  the  chain  of  evacuation  from  the  Vietnam  battlefields  to  the  hospitals 
in  the  United  States.  These  are:  forward  evacuation  in  the  battle  zone;  the  intratheater  or 
tactical  link  from  the  battle  zone  to  the  supporting  hospital;  the  strategic  link  from  Southeast  Asia 
to  the  United  States;  and, lastly,  the  final  distribution  to  the  hospital  within  the  United  States. 
Battlefield  pickup  and  evacuation  is  generally  accomplished  by  Army  or  Marine  helicopters  that 
operate  during  the  heat  of  battle  many  times  under  intense  enemy  fire.  In  some  cases  where 
terrain  and  conditions  permit,  the  wounded  are  evacuated  directly  from  combat  areas  by  Air  Force 
fixed-wing  aircraft.  After  the  first  echelon  evacuation,  movement  between  airfields  within  Vietnam 
and/or  to  off-shore  hospitals  is  accomplished  through  the  combat  cargo  capabilities  of  the  US  Air 
Forces.  Normally  a  30-day  evacuation  policy  is  followed  in  Vietnam.  If  it  appears  that  hospitali¬ 
zation  will  last  longer  than  30  days  the  casualty  is  evacuated  from  the  country.  The  tactical  or 
intratheater  aeromedlcal  evacuation  function  is  based  on:  (1)  the  ready  availability  of  many  types 
of  combat  cargo  airlift;  (2)  on  a  system  which  controls  the  movement  and  destination  of  all  patients 
wit  \.n  the  theater;  (3)  on  good  communication  through  tactical  networks;  (4)  on  the  strategic 
location  of  in-transit  care  of  casualty  staging  facilities;  and  (5)  on  the  presence  of  trained 
medical  teams  who  manage  and  provide  care  to  patients  during  evacuation.  The  evacuation  of 
casualties  from  the  combat  theater  requires  a  coordinated  effort  to  bring  together  in  timely  fashion 
the  medical  personnel,  the  patient,  and  the  means  of  transportation. 

THE  PATIENT  IN  THE  AEROMEDICAL  EVACUATION  SYSTEM 

The  underlying  characteristics  of  the  casualties  in  Vietnam  are  those  of  high  energy  impact  forces 
on  the  human  body.  The  application  of  this  energy  takes  several  forms  including  (1)  penetrating 
or  non- penetrating  projectiles  in  various  combinations  of  mass  and  velocity;  (2)  extreme  temperature 
exposures,  again  in  various  combinations  of  time  and  energy  exchange,  the  most  common  being  fire; 
and  (3)  concussion,  shock  and/or  bodily  Impingement  on  fixed  objects.  These  characteristics 
initially  produce  a  predominance  of  surgical/orthopedic  cases.  Figure  1  shows  the  distribution  of 
patients  evacuated  from  RVN  during  February  1968.  This  time  period  included  the  Tet  offensive  and 
is  representative  of  Intense  conventional  war  casualties.  The  categories  shown  are  those  used  by 
the  Armed  Services  Medical  Regulating  Office  to  describe  patients  in  terms  of  the  type  of  medical 
specialty. 
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DISTRIBUTION  BY  MEDICAL  SPECIALTY 


Orthopedic  Surgery 

51% 

General  Surgery 

15% 

General  Medicine 

11% 

Neurosurgery 

4% 

Thoracic  Surgery 

4% 

Hand  Surgery 

4% 

Neuropsychiatric 

3% 

All  Other 

8% 

Figure  1 

Further  indication  of  the  type  of  cases  carried  in  the  theater  aeromedical  evacuation  system  can  be 
seen  In  Figure  2  which  was  derived  by  analyzing  3,757  selected  RVN  casualties  disposed  of  by  the 
US  Army  Command  hospitals  in  Japan  during  the  period  August  1967  -  January  1968.  It  must  be 
recognized  that  the  data  reflect  the  coexistence  of  several  case  types  in  the  same  individual. 

Taking  those  cases  that  cause  real  concern  in  aeromedical  evacuation,  we  find  the  following 
percentage  distribution  when  computed  against  the  total  number  ol  RVN  cases  carried. 

SELECTED  AEROMEDICAL  EVACUATION  PROBLEM  AREAS 


Thoracic  wounds 

7.3% 

Maxillo-facial 

3.0 

Craniotomy 

1.75 

Liver  injury 

1.68 

G.U.  involvement 

2.1 

Colostomies 

1.2 

Bums 

1.2 

Hepatitis 

3.8 

Figure  3 

It  Is  meaningful  and  practicable  to  examine  the  trends  in  casualty  causation  associated  with 
hostile  action.  Figure  4  shows  the  time  between  injury  and  the  time  the  casualty  reaches 
definitive  care.  Figure  5  shows  the  death  rate  for  patients  received  by  military  hospitals.  The 
movement  of  casualties  from  the  site  of  Injury  to  definitive  care  has  become  increasingly  rapid 
and  the  death  rate  for  casualties  received  has  substantially  decreased. 

Figure  6  shows  the  site  of  primary  wounds  in  Vietnam  casualties  during  July,  August,  and 
September  19c7.  As  can  be  seen  from  these  data,  aeromedical  evacuation  loads  are  becoming  more 
highly  dominated  by  the  surgical/orthopedic  patient  rather  than  the  general  medicine  or  diseased 
patient. 

THE  REQUIREMENTS  FOR  PATIENT  MOVEMENT 

The  movement  of  a  patient  from  one  medical  facility  to  another  Involves  many  basic  decisions 
including  (1)  the  medical  aspects  of  the  patient's  condition;  (2)  hospital  capacities  and 
capabilities,  both  originating  and  destination;  (3)  the  medical  prognosis  with  respect  to  both  the 
evacuation  policy  In  effect  and  the  patient’s  remaining  tour  of  duty;  and  (4)  the  availability  of  the 
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appropriate  air  evacuation  system  service  to  effect  the  transfer.  These,  in  turn,  are  dependent 
upon  (5)  the  availability  of  an  aeromedically  configured  aircraft,  its  medical  crew,  and  their 
special  medical  equipment.  The  decision  to  start  the  chain  of  events  which  eventually  result  in 
transfer  of  a  patient  from  the  originating  to  destination  hospital  via  the  air  evacuation  system  is 
made  by  the  attending  physician.  There  are  several  options  open  to  the  originating  physician. 

In  Vietnam,  these  include  transfer  to  (1)  another  in-country  hospital;  (2)  transfer  to  an  out-of- 
country  theater  hospital;  or  (3)  movement  to  a  hospital  in  the  United  States. 

There  are  perhaps  three  categories  of  circumstances  governing  a  military  situation  in  which 
patients  must  be  moved .  The  first  is  the  ideal  one  In  which  there  is  not  only  adequate  ln-country 
readily  available  definitive  surgical  or  emergency  surgical  care,  but  also  the  capability  to  retain 
the  patients  for  a  minimum  of  two  to  three  weeks .  Under  these  conditions  there  are  few,  if  any, 
problems  with  the  air  evacuation  of  patients.  The  concerns  here  are  the  cabin  altitude,  the  low 
humidity  in  certain  aircraft,  and  the  tension  associated  with  flight. 

The  second  set  of  circumstances  is  the  situation  in  which  patients  can  be  held  for  a  period  between 
3  and  10  days.  Attempts  to  restore  blood  volume,  electrolyte  balance,  bowel  function  and  cardio- 
reno-pulmonary  efficiency  are  successful  to  the  point  that  this  category  of  patient  meets  the 
mirirr.jm  physiological  requirements  for  air  travel . 

In  the  third  set  of  circumstances,  the  patient  must  be  moved  immediately,  i.e.,  one  hour  to  three 
days  after  surgery.  This  requirement  is  somewhat  contradictory  in  that  a  steady  influx  of  fresh 
casualties  requires  patients  be  moved  while  at  the  same  time  the  surgical  requirements  are  that 
the  patients  should  not  Ideally  be  moved . 

It  is  through  the  capabilities  of  the  theater  aeromedical  evacuation  system  that  these  patients  are 
safely  moved  when  the  "tactical  situation"  necessitates  evacuation  from  the  combat  zone. 

DETERMINING  PATIENT  DESTINATIONS 

Following  the  battlefield  pickup  of  a  casualty  and  initial  treatment,  there  are  several  policies  and 
factors  which  determine  where  a  patient  is  to  be  hospitalized.  Generally  speaking,  a  patient  who 
is  to  be  hospitalized  for  60  days  or  more  will  be  returned  to  the  United  States .  For  fewer  than  60 
days,  he  will  go  to  a  hospital  within  the  Pacific  Command.  This  is  not  a  firm  policy;  it  is  flexible 
enough  to  allow  a  patient  to  remain  at  a  PACOM  hospital  up  to  120  days  if  hospital  space  is 
available.  Very  important,  and  particularly  in  Vietnam,  is  the  combat  situation  and  plans  for 
future  operations .  A  patient  is  not  held  in  the  theater  until  the  expiration  of  the  period  of  time 
which  has  been  established  as  the  evacuation  policy.  Rather,  he  is  to  be  evacuated  as  soon  as 
he  has  been  stabilized  to  the  point  that  his  condition  will  permit  him  to  safely  be  moved. 

Two  communications  sequences  are  accomplished  to  set  the  transfer  in  motion.  These  two  sequence 
chains  involve  the  request  for  and  granting  of  destination  hospital  bed  space  and  aeromedical 
evacuation  system  service.  Once  the  attending  physician  has  initiated  his  request  to  transfer  a 
patient,  a  regulating  office  assigns  a  destination  hospital.  Essential  information  on  the  patient 
is  furnished  to  the  destination  hospital  including  the  date,  time,  and  flight  on  which  the  patient 
will  arrive. 

CASUALTY  STAGING  FACILITIES 

An  integral  part  of  the  theater  aeromedical  evacuation  system  is  the  casualty  staging  facility.  The 
casualty  staging  facility  is  primarily  a  stopping  place  for  patients  on  their  path  to  the  destination 
hospitals.  These  in-transit  medical  facilities  are  usually  located  at  major  air  bases  in  the  combat 
zone.  They  vary  in  size  from  35  to  250  beds.  Often  they  are  Incorporated  within  base  hospitals  or 
dispensaries  and  serve  a  number  of  purposes  including  reception  and  accumulation  of  patients  for 
more  effective  utilization  of  airlift,  re-routing,  re-evaluation,  triage  and  stabilization  of  seriously 
ill  patients ,  and  a  haven  in  the  event  of  prohibitive  weather  or  operational  difficulties  which  might 
prevent  flight.  The  administrative  function  of  the  casualty  staging  facilities  is  to  Insure  that  all 
necessary  processing  is  accomplished  for  each  patient  including  regulation,  preparation  of  orders 
and  manifests,  and  provision  of  safe  transfer  of  baggage,  valuables,  personal  documents,  and 
medical  records.  Medication,  Intravenous  fluids,  and  special  equipment  not  available  on  the  air¬ 
craft  are  provided  to  Insure  adequate  care  of  the  patient  until  he  reaches  his  destination.  Trans¬ 
portation  to  and  from  the  aircraft  is  provided  by  the  casualty  staging  facilities .  The  average  amount 
of  time  spent  by  patients  in  the  casualty  staging  facilities  will  vary,  but  It  Is  usually  between  6 
and  24  hours.  In  short,  the  casualty  staging  facility  provides  any  and  all  services  necessary  to 
give  the  patient  the  highest  quality  of  medical  and  administrative  care  during  the  non-flying 
portion  of  air  evacuation . 


D  4-5 


The  medical  staff  In  a  casualty  staging  facility  will  vary  according  to  the  size  of  the  facllity; 
however,  the  primary  duty  of  the  physicians  assigned  is  the  same  —  to  evaluate  medically  and 
surgically  each  patient  and  determine  whether  or  not  the  patient  can  be  aeromedically  evacuated 
without  detriment  to  his  well  being.  Almost  all  CSF's  will  have  assigned  at  least  two  physicians, 
one  with  prior  surgical  training  and  one  who  has  completed  training  in  aerospace  medicine.  The 
primary  mission  of  the  nursing  service  at  the  casualty  staging  facility  is  to  provide  the  continuity 
of  patient  care  in  an  environment  conducive  to  the  physical,  spiritual,  and  emotional  well  being 
of  the  patients.  Casualty  staging  facilities  do  not  have  major  operating  rooms  but  possess 
surgically  clean  and  fully  equipped  minor  surgery,  treatment,  and  dressing  facilities.  Should 
patients  require  major  surgery  after  having  entered  the  CSF,  they  are  returned  to  the  nearest  major 
medical  facility.  Each  CSF  has  readily  available  basic  laboratory  procedures,  pharmaceutical 
supplies,  and  x-ray  facilities.  These  requirements  are  met  by  the  supporting  dispensary  or 
hospital;  however,  in  some  cases  the  capability  exists  in  the  CSF  proper  where  the  medical 
facility  is  a  substantial  distance.  In  the  laboratory  area  the  CSF  is  able  to  perform  CBC, 
hematocrit,  BUN,  blood  sugars,  and  urinalysis.  If  they  are  located  over  one  hour  from  a  larger 
laboratory,  they  have  the  capability  to  perform  serum  sodium,  pH,  PCO2  and  PO2. 

In  addition  to  the  fixed  casualty  staging  facilities ,  there  are  mobile  units  which  are  self-supporting 
and  have  the  capability  for  rapid  deployment  to  airheads  in  combat  areas  to  provide  for  the  receipt 
and  transit  treatment  of  battle  casualties  prior  to  air  evacuation.  These  units  can  operate  from 
tentage  and  are  located  adjacent  to  or  in  support  of  medical  clearing  companies .  The  mobile 
casualty  staging  units  operate  at  forward  air  strips  where  there  are  no  other  USAF  medical  facilities . 
At  these  forward  air  strips  only  a  minimum  of  processing  is  accomplished  in  the  Interest  of  speeding 
the  patient  to  facilities  more  capable  of  providing  adequate  treatment.  The  mobile  casualty 
staging  units  operate  normally  under  tentage  and  have  a  25-bed  capability. 

Unlike  the  fixed  casualty  staging  facilities,  the  mobile  aeromedical  casualty  staging  units  are  not 
attached  as  an  integral  element  of  a  parent  Air  Force  medical  facility  but  instead  are  positioned  with 
the  user  medical  facilities  of  other  armed  services .  They  assist  in  providing  limited  supportive 
medical  care  and  medical  and  administrative  processing  to  patients  awaiting  aeromedical  evacuation 
from  forward  operating  airfields  capable  of  accepting  fixed-wing  aircraft  (C-7A,  C-123,  C-130). 
These  mobile  units  have  very  limited  staffing  and  equipment,  permitting  rapid  deployment  to  and 
employment  at  the  operational  site  in  a  minimum  time.  Being  highly  mobile,  the  unit  may  be 
moved  as  frequently  as  required  to  other  locations  for  processing  large  numbers  of  casualties  into 
the  theater  aeromedical  evacuation  system.  Medical,  Intravenous  fluids  and  special  equipment  are 
received  from  the  supportive  unit  or  are  requested  from  aeromedical  channels .  Transportation  to 
and  from  the  casualty  staging  unit  to  the  aircraft  is  provided  by  any  available  mode  of  transporta¬ 
tion.  In  addition  to  casualty  staging,  the  mobile  CSU  has  a  secondary  mission  to  provide 
emergency  in-flight  crews  using  the  backhaul  capability  of  any  available  aircraft  required  for  the 
Immediate  movement  of  a  patient  whose  condition  will  not  permit  him  to  be  held  for  requested  aero¬ 
medical  evacuation  mission  aircraft  from  airlift  centers.  Since  patient  movement  in  the  forward  area 
often  Involves  the  movement  of  fresh,  relatively  unstable  casualties  from  crowded  facilities, 
minimum  processing  of  the  casualties  is  necessary  for  all  action  is  governed  by  what  is  best  for 
the  patient/casualty. 

CARGO  AIRCRAFT  AND  THE  AEROMEDICAL  EVACUATION  MISSION 

By  virtue  of  its  design,  almost  any  aircraft  capable  of  carrying  cargo  is  potentially  adaptable  to 
aeromedical  evacuation.  Not  all  of  them,  particularly  the  older  type  transport  and  the  short  haul 
aircraft,  are  pressurized  nor  do  they  all  offer  the  relatively  luxurious  convenience  of  the  larger 
piston  and  Jet  airplane.  With  a  few  exceptions,  the  cargo  aircraft  used  in  aeromedical  evacuation 
provide  for  vertically  suspended,  adjustable  litter  supports,  airline  type  seats  for  ambulatory 
patients  (which  face  to  the  rear  as  a  safety  feature),  adequate  lighting,  heating  and  ventilation, 
electrical  connections  for  powered  equipment  such  as  suction,  luggage  and  supply  storage 
facilities.  Oxygen  is  available  in  various  systems.  Ease  in  loading  and  deplaning  of  patients  in 
cargo  aircraft  is  accomplished  through  special  ramps  that  are  available  at  almost  all  air  bases. 
Riggings  for  Isolation  or  modesty  curtains  are  provided.  The  basic  litter  supports  themselves 
serve  as  infusion  stands.  The  requirement  for  reduced  weight  and  bulk  inherent  in  air  transporta¬ 
tion  has  led  to  many  innovations  and  adaptations  in  medical  equipment.  Electrical  equipment,  for 
example,  has  been  made  compatible  with  the  aircraft  electrical  supply  system  and  designed  to 
prevent  interference  with  navigation  and  communication  systems.  Lightweight  aspirators  and 
resuscitator  sets  are  carried  on  the  aircraft.  On  the  medium-sized  cargo  aircraft,  oxygen  is 
carried  in  small  portable,  lightweight,  low  pressure,  therapeutic  kits  with  simple  continuous  flow 
regulators.  They  are  replenished  from  the  aircraft's  central  O2  reservoir.  The  folding  litters  with 
the  lightweight  aluminum  or  wooden  parallel  frames  allow  for  easy  portability  and  security.  Most 
of  the  items  for  in-flight  patient  care  are  disposable  just  as  their  counterparts  on  a  modem  hospital 
ward  might  be.  Plastic  bags  are  used  for  drainage  and  colostomies.  The  flight  is  equipped  with 
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supplies  and  dressings  and  each  flight  nurse  has  a  kit  which  is  a  miniaturized  pharmacy. 

Injectlbles  come  in  pre-packaged  disposable  units  and  special  medication  including  Intravenous 
fluids  are  carried  as  required . 

The  length  of  the  mission  for  the  in-country  (Vietnam)  air  evacuation  will  vary  but  normally 
averages  less  than  one  hour  flying  time.  For  the  off-shore  movements  the  flying  time  ranges 
between  2  to  6  hours.  Tactical  aeromedical  evacuation,  being  a  collateral  function  of  logistical 
air  support  operations,  has  the  entire  theater  airlift  resources  at  its  disposal.  Depending  upon 
the  casualties  and  the  urgency  of  the  movement,  cargo  aircraft  are  often  diverted  from  their 
primary  function  and  reconfigured  as  an  aeromedical  evacuation  aircraft.  All  aircraft  are  subject 
to  diversion  or  re-routing  and  they  are  equipped  with  litter  brackets  and  other  necessary  equipment 
for  transporting  patients .  The  aircraft  that  are  used  extensively  in-country  and  which  are  diverted 
for  unscheduled  missions  in  Vietnam  are  the  C-123,  C-130,  and  the  C-7  aircraft.  Approximately 
70%  of  the  total  flights  in  Vietnam  are  unscheduled.  These  unscheduled  air  evacuation  missions 
will  usually  pick  up  the  medical  crews  consisting  of  one  flight  nurse  and  two  technicians  at  the 
originating  base.  However,  they  may  pick  up  the  medical  crew  at  an  enroute  base  or  at  the  air¬ 
field  from  which  the  casualties  are  to  be  moved. 

While  the  C-130,  C-118,  and  C-141  aircraft  are  all  used  to  move  patients  to  the  off-shore 
hospitals,  the  primary  mover  is  the  C-141.  The  C-141  is  a  high  speed,  long  range,  high  swept 
wing  aircraft  powered  by  four  turbofan  engines.  Its  spacious  cargo  compartment  can  be  equipped 
to  carry  more  than  150  troops  or  up  to  80  litters  in  rows  of  three  and  four  tiers  each.  Various  con¬ 
figured  combinations  of  litters  and  seats  for  ambulatory  patients  are  possible,  the  usual  configura¬ 
tion  being  42  litters  and  42  seats.  The  average  cruise  speed  is  420  knots  at  an  average  cruising 
altitude  of  33,000  feet. 

The  largest  mover  of  casualties  in-country  is  the  Lockheed  C-130  Hercules  aircraft.  This  is  a 
versatile  transport  that  can  perform  a  wide  variety  of  missions.  The  C-130  can  land  and  take  off 
on  short  runways  and  can  be  used  on  landing  strips  such  as  those  found  in  advance  base  operations . 
The  C-130  is  powered  by  four  turboprop  engines  and  has  a  normal  cruising  speed  of  311  miles  per 
hour.  The  C-130  has  a  pressurized  cabin  and  is  capable  of  accommodating  92  ambulatory  patients 
or  74  litter  patients;  however,  the  normal  configuration  is  for  50  litter  patients  and  28  ambulatory 
patients.  Utters  are  carried  aboard  the  aircraft  through  the  cargo  loading  ramp  door  and  are 
installed  in  four  length-wise  rows  in  the  cargo  compartment.  Stowage  provisions  for  the  litter 
support  stanchions  are  provided  in  the  cargo  compartment  forward  bulkhead . 

The  C-123  "Provider"  aircraft  is  a  very  capable  performer  in  Vietnam  operating  from  short  unpre¬ 
pared  fields  to  land  and  evacuate  troops  and  supplies.  The  high  tail  assembly  and  squat  landing 
gear  permit  tall  ramp  loading  of  patients.  The  C-123  has  two  piston  engines  and  a  speed  of  245  mph. 
It  is  equipped  with  standard  Utter  securing  devices  and  has  a  normal  load  of  30  litter  and  32 
ambulatory  patients. 

The  C-7A  "Caribou"  is  a  Canadian-built  STOL  tactical  transport  formerly  designated  CV-2B.  It 
was  transferred  from  the  US  Army  to  the  US  Air  Force  in  1967 .  It  is  employed  principally  in 
Vietnam  where  it  can  land  on  dirt  runways  barely  1,000  feet  long.  It  has  a  range  of  240  miles  with 
a  full  payload  and  a  speed  of  182  mph.  The  normal  aeromedical  evacuation  load  is  six  litters  and 
15  ambulatory  patients.  All  of  the  cargo  aircraft  used  for  moving  patients  can  be  reconfigured  from 
the  cargo  mode  to  the  aeromedical  evacuation  mission  in  less  than  one  hour's  time. 

CONCLUSION 

Aeromedical  evacuation  in  all  its  various  aspects  has  come  of  age  and  is  meeting  the  challenge  of 
today's  medical  demands  in  Southeast  Asia.  The  theater  aeromedical  evacuation  system  has  been 
able  to  successfully  integrate  the  capabilities  of  the  combat  cargo  aircraft  of  the  US  Air  Force  into 
the  casualty  evacuaUon  system  in  Vietnam .  The  time  lapse  from  injury  to  first  echelon  care  and 
between  geographic  echelons  has  been  remarkably  reduced.  The  rapid,  safe  movement  of 
casualties  to  field  hospitals  and  thence  the  larger  medical  centers  has  made  prompt  specialized 
care  available  resulting  in  the  greatest  number  of  wounded  being  rehabilitated  in  the  shortest  and 
safest  manner  and  substantially  increasing  changes  for  full  recovery. 
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MEDICAL  CONSIDERATIONS  AFFECTING  EARLY  AIR  EVACUATION 
OF  THE  SERIOUSLY  ILL  PATIENT 

Lt  Colonel  Robert  C.  Mclver  and  Major  John  K.  Murphy 


AEROMEDICAL  EVACUATION  of  patients  has  been  utilized  for  some  forty  years  with  varying 
degrees  of  success.  For  the  most  part,  the  reason  for  transportation  of  the  sick  and 
injured  has  been  the  nonavailability  of  definitive  medical  care  or  an  overload  condition 
in  an  area  where  medical  care  is  limited.  A  great  deal  of  information  is  available  from 
the  Second  World  War  and  also  the  Korean  conflict;  however,  aeromedical  evacuation  really 
has  been  utilized  to  the  maximum  only  in  the  Viet  Nam  crisis.  Details  of  aeromedical 
evacuation  in  the  Viet  Nam  conflict  have  been  enumerated  in  previous  reports;  however, 
the  medical  indications  and  contra-indications  will  be  dealt  with  specifically  in  this  paper. 

Many  patients  are  moved  from  one  area  to  another  after  definitive  treatment  has  been 
accomplished.  These  patients  are  moved  primarily  to  free-up  hospital  beds  in  an  area  of 
high  patient  load.  There  are  some  instances,  however,  in  which  patients  must  be  moved 
before  they  have  been  completely  stabilized.  The  transportation  of  these  patients  poses 
a  particular  problem  in  aeromedical  evacuation  due  to  the  following  reasons:  (1)  the 
reduced  barometric  pressure  in  the  aircraft  and  the  possibility  of  loss  of  cabin  pressure; 

(2)  the  reduction  in  humidity  in  the  cabin  atmosphere;  (3)  the  crowded  and  unsterile 
surroundings;  (4)  the  high  noise  level;  (5>  the  alteration  of  gravitational  forces  which 
may  be  encountered  during  take-off  or  landing  and  also  during  turbulence  which  might  be 
encountered  during  the  flights;  (6)  the  limited  medical  treatment  capabilities  aboard  the 
aircraft;  (7)  the  inability  to  transport  in  the  usable  fashion  different  types  of  sophisti¬ 
cated  medical  equipment. 

One  of  the  most  remarkable  items  that  has  allowed  better  survival  from  battle  injury 
in  the  Southeast  Asia  conflict  has  been  the  rapidity  with  which  the  injured  have  been 
transported  to  areas  in  which  they  can  receive  definitive  medical  care.  This  has  been 
primarily  the  responsibility  of  the  United  States  Army  and  has  been  an  outstanding 
accomplishment.  Of  course,  it  is  recommended  and  customary  for  patients  to  remain  in  an 
area  until  they  are  completely  stabilized  if  this  is  possible  in  that  area.  If  complete 
stabilization  is  not  possible,  then  all  attempts  must  be  made  to  transport  the  unstable 
patient  with  as  little  additional  trauma  as  possible. 


DISCUSSION 

The  severely  injured  patient  frequently  will  have  multiple  injuries.  Special  reference 
should  be  given  to  cranial  injuries,  fractures,  traumatic  injuries  of  the  abdomen  and 
chest,  and  certainly  a  primary  consideration  in  all  of  these  patients  is  to  assure  oneself 
that  the  patients  have  adequate  blood  volume,  that  their  dehydration  is  corrected  as  well 
as  possible,  and  that  their  respiratory  activity  is  as  near  normal  as  feasible.  If  a 
tracheostomy  is  in  place  it  should  be  of  a  large  size  and  a  cuff  should  be  in  place  if 
respiratory  assistance  or  controlled  respiration  is  being  administered.  In  certain 
instances,  patients  with  thoracoabdominal  injuries  will  show  evidence  of  shunting  of  the 
blood  through  the  lung.  This  shunting  may  be  partially  or  totally  corrected  by  the  use  of 
assisted  respiration  with  an  Increased  oxygen  tension  of  the  respiratory  gas.  There  are 
instances  in  which  very  high  pressures  are  required  in  order  to  ventilate  the  patient 
adequately.  In  these  instances  volume-cycled  respirators  usually  will  afford  better 
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respiration;  however,  if  one  uses  pressure-cycled  respirators  with  a  high  enough  pressure 
setting,  adequate  respiratory  activity  can  be  maintained.  Pressure- cycled  respirators 
function  better  at  altitude  than  do  volume-cycled  respirators,  since  the  number  of  mole¬ 
cules  in  a  given  volume  of  gas  at  high  altitude  may  be  very  low.  If  the  altitude  is  main¬ 
tained  at  six  to  seven  thousand  feet,  however,  there  would  be  no  appreciable  difference 
in  the  function  of  volume-cycled  versus  pressure-cycled  apparatus. 

I  would  like  to  make  a  distinction  between  respirators  and  resuscitators.  I  use  the 
term  respirators  to  indicate  those  machines  which  are  designed  for  long-term  care  in 
patients  who  are  apnoelc,  and  I  will  reserve  the  term  resuscitator  to  mean  an  instrument 
to  be  used  in  an  emergency  when  a  patient  suddenly  and  unexpectedly  ceases  breathing. 

Most  respirators  are  poor  resuscitators  and  vice  versa;  therefore,  in  an  active  aeromedical 
evacuation  system,  both  respirators  and  resuscitators  must  be  available.  A  proper  re¬ 
suscitator  should  be  one  that  is  very  simple  to  operate;  one  which  can  be  used  in  any 
place  regardless  of  power  and  regardless  of  propelling  gas;  one  should  be  able  to  deliver 
pressures  up  to  80  centimeters  of  water;  one  must  have  full  control  of  the  inspiratory 
time  phase  and  the  expiratory  time  phase.  The  resuscitator  should  be  capable  of  delivering 
a  tidal  volume  of  one  thousand  to  fifteen  hundred  cc’ s  and  should  be  capable  of  delivering 
gas  or  oxygen  to  the  individual  regardless  of  the  gravitational  forces  which  may  be  acting. 

Since  the  atmosphere  of  the  aircraft  is  mostly  very  dry,  some  form  of  humidification 
should  be  delivered  to  those  patients  who  have  a  tracheostomy  in  place.  There  are  instru¬ 
ments  which,  when  attached  to  the  tracheostomy  tube,  will  cause  condensation  of  the  water 
vapor  in  the  exhaled  air  and  this  water,  then,  is  reinhaled.  There  are  all  sorts  of 
humidification  devices.  Many  times  one  would  like  to  deliver  humidified  air  without  in¬ 
creasing  the  oxygen  pressure.  Of  course,  adequate  suction  must  be  available  at  all  times. 

Some  individuals  will  be  transported  with  chest  tubes  in  place.  Many  people  recommend 
that  a  one-way  valve  be  inserted  between  the  patient  and  the  collecting  device.  This  one¬ 
way  valve  will  frequently  prevent  inadvertent  pneumothorax  from  occurring  if  the  tube  into 
the  underwater  seal  happens  to  become  dislodged.  In  certain  instances  the  one-way  valve 
can  be  utilized  without  a  collection  bag  in  the  event  of  pure  pneumothorax  without 
hemorrhage.  In  the  event  that  patients  have  pneumo-  or  hemothorax,  it  is  much  better  to 
transport  these  patients  with  the  tubes  in  place  rather  than  removing  them  before  aero¬ 
medical  evacuation.  In  many  instances  a  tension  pneumothorax  can  develop  due  to  the 
reduction  in  barometric  pressure  which  is  assumed  during  flight.  If  a  chest  tube  has  been 
removed  from  a  patient,  then  one  should  delay  aeromedical  evacuation  of  this  patient  or 
else  reinsert  the  tube.  In  all  instances,  chest  X-rays  should  be  taken  and  reviewed  prior 
to  transfer. 

Correction  as  well  as  possible  of  any  circulating  blood  volume  deficiencies  is  mandatory 
since  in  a  person  with  a  normal  circulating  blood  volume  and  a  normal  hemoglobin  content 
of  blood  at  ten  thousand  feet  altitude,  the  arterial  p02  is  in  the  vicinity  of  sixty  milli¬ 
meters  of  mercury,  the  point  at  which  symptoms  of  hypoxia  become  pronounced.  If  one  has 
a  deficiency  of  the  circulating  blood  volume  or  has  a  deficiency  of  his  hemoglobin  content, 
then  the  amount  of  oxygen  delivered  to  the  tissues  will  be  reduced  and  symptoms  of 
hypoxia  will  become  even  more  pronounced.  If  patients  with  a  deficiency  of  circulating 
blood  volume  must  be  transferred,  then  certainly  they  should  be  breathing  an  enriched 
oxygen  atmosphere  throughout  the  flight.  Extreme  care  should  be  exerted  during  movement 
of  these  patients  since  frequently  Just  moving  them  or  turning  them  will  cause  them  to  go 
into  a  shock  condition.  In  these  instances  it  is  much  better  to  have  increased  the 
circulating  blood  volume  with  some  electrolyte  solution  rather  than  transporting  them  with 
a  depleted  blood  volume. 

Transportation  of  patients  with  severe  burns  should,  if  possible,  be  delayed  until  a 
correction  of  the  vascular  deficiencies  can  be  made.  The  patient  should  be  allowed  to 
stabilize  as  much  as  possible.  The  transportation  of  a  severe  burn  patient  is  a  very 
critical  procedure  and  for  this  reason  the  United  States  Army  has  specific  teams  which  they 
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send  out  to  retrieve  burn  patients.  These  teams  pay  particular  attention  to  urinary 
output,  functioning  airway  and  coverage  of  wounds,  nasogastric  tubes,  and  functioning 
intravenous  pathway. 


Specific  attention  needs  to  be  given  to  the  gas  which  is  contained  in  the  abdominal 
cavity,  in  the  thoracic  cavity,  and  in  the  cerebral  cavity  since  ascent  to  altitude  will 
cause  this  gas  to  expand;  therefore,  one  can  anticipate  a  great  deal  of  difficulty, 
especially  in  patients  who  have  thoracic  or  cranial  injuries  in  which  air  has  been  in¬ 
troduced  by  one  means  or  another.  Those  patients  with  ileus  frequently  tolerate  ascent 
to  altitude  very  poorly  and  certainly  these  patients  should  have  functioning  tubes  to 
drain  the  excess  fluid  and  gas  from  the  intestine.  In  patients  with  colostomies  or 
ileostomies,  ascent  to  altitude  is  tolerated  well,  however,  there  is  usually  a  marked  in¬ 
crease  in  the  amount  of  flow  from  the  colostomy  or  ileostomy  opening. 

Patients  can  be  transported  in  traction.  This  is  best  accomplished  by  having  the 
traction  integral  with  the  patient’s  body  or  having  the  traction  integral  with  the  litter 
or  stretcher  frame.  Since  turbulence  is  not  infrequently  encountered,  the  use  of  weights 
in  traction  is  not  recommended.  Spring-type  traction  devices  both  for  cranial  tongs  and 
for  extremity  traction  are  preferable. 

All  plaster  casts  should  be  bivalved  or  at  least  monovalved  before  transport,  because 
frequently,  especially  during  long  flights,  swelling  will  develop  and  severe  manifesta¬ 
tions  can  result.  Marking  the  cast  data  on  the  cast  itself  is  a  good  means  of  preserving 
necessary  information.  Those  casts  that  are  applied  to  extremities  in  which  vascular 
grafts  have  been  accomplished  deserve  special  attention  during  transportation.  The  casts 
must  be  windowed  over  the  graft  areas  to  provide  rapid  access  should  bleeding  occur.  If 
it  is  possible,  patients  who  have  vascular  grafts  should  not  be  transferred  for  a  minimum 
of  twenty-one  days  after  surgery.  Intravenous  fluids  must  be  available  in  large  quantities. 
Plastic  bags  of  whole  blood  are  the  most  advantageous  since  they  are  easily  secured  to  the 
stanchions  and  one  does  not  have  to  be  so  concerned  about  breakage  nor  infusing  of  air. 

In  the  event  that  large  numbers  of  severely  injured  patients  are  moved  at  one  time,  one 
should  have  tracheostomy  sets,  cut-down  sets,  catheterization  sets,  and  close-thoracotomy 
sets  available.  If  tracheostomy  sets  are  not  available,  one  may  perform  a  temporary 
life-saving  procedure  by  inserting  a  twelve-gauge  needle  through  the  skin  and  into  the 
trachea.  Frequently  the  obstruction  will  be  only  inspiratory;  in  these  instances  oxygen 
can  be  hooked  up  to  this  needle  to  provide  adequate  oxygenation  even  though  the  patient 
is  not  breathing.  Of  course,  the  carbon  dioxide  build-up  in  this  instance  will  become 
critical  in  approximately  thirty  minutes.  However,  the  procedure  can  be  used  in  an 
extreme  emergency. 

A  serious  problem  in  the  management  of  thoracic  injury  patients  has  been  the  wet  lung 
syndrome.  This  is  a  difficult  syndrome  to  treat  since  the  etiology  and  pathophysiology 
are  not  understood  and  the  clinical  course  is  not  too  well  defined. 

In  general,  one  may  state  that  a  severely-injured  patient  can  be  transported  by  air. 

By  far  the  greatest  success  will  be  obtained  if  the  injured  patients  are  stabilized  from 
a  cardiovascular,  a  respiratory,  and  a  renal  standpoint  before  they  are  transported. 

There  are  frequency  alterations  of  the  gravitational  forces  acting  on  the  patient; 
turbulence  is  fairly  common;  the  partial  pressure  of  oxygen  is  mostly  reduced;  the  air  is 
extremely  dry;  and  the  aircraft  are  frequently  crowded.  The  transportation  of  these 
individuals,  however,  can  be  accomplished  satisfactorily  if  proper  guidelines  are  followed. 
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SUMMARY 


The  primary  objectives  of  the  USAF  research  and  development  program  to 
improve  inflight  patient  care  are  presented  and  certain  related  efforts 
summarized.  The  logic  of  these  efforts  as  part  of  an  orderly  integrated 
developmental  program  designed  to  advance  both  theory,  equipment  and 
practices  is  touched  upon.  The  continuing  requirement  to  identify,  in  advance 
of  the  need,  the  kind  of  research  and  development  that  should  be  undertaken 
now  in  order  to  take  advantage  of  the  potential  that  will  be  offered  by  future  ad¬ 
vanced  aircraft  systems  remains  as  an  underlying  theme. 
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RESEARCH  AND  DEVELOPMENT 
IN 

SUPPORT  OF  AEROMEDICAL  EVACUATION 


INTRODUCTION 


Approximately  three  years  ago  the  Surgeon  of  the  United  States  Air  Force 
Military  Airlift  Command  requested  that  the  USAF  School  of  Aerospace 
Medicine  initiate  a  research  and  development  program  to  modernize  inflight 
medical  care  practices  and  equipment  in  the  aeromedical  evacuation  system. 

The  requirement  for  such  an  effort  can  be  summarized  briefly.  The 
development  of  military  aeromedical  evacuation  practices  and  procedures 
during  World  War  II  and  Korean  conflict  time  periods  was  consonant  with 
the  operational  limitations  of  the  aircraft  available  at  the  time.  By  comparison 
with  present  day  jet  cargo  transports,  earlier  piston  engine  powered  aircraft 
were  slow,  small,  and  vulnerable  to  unfavorable  enroute  weather  and  terrain. 
Accordingly,  the  strategic  airlift  of  patients  was  characterized  by  fairly 
long  transit  times  often  requiring  intermediate  overnight  stops,  modest 
patient  load  capability,  and  weather  related  uncertainties  in  flight  scheduling. 

It  was  necessary  that  patients  selected  for  such  airlift  be  clinically  stabilized, 
before  undertaking  such  a  move.  This  situation  essentially  prevailed  until 
the  recent  introduction  of  the  jet  cargo-transport  aircraft.  These  new  aircraft, 
typified  by  the  Lockheed  C-141  Starlifter,  were  fast  enough  to  fly  halfway 
around  the  world  in  less  than  a  day  with  only  one  or  two  brief  refueling  stops. 
They  could  carry  a  large  cargo  load  forward  and  during  the  backhaul,  as  in 
the  case  of  the  C-141,  have  enough  space  for  80  litter  patients  and  13  ambula¬ 
tory  patients.  Flying  well  above  the  terrain  and  most  local  weather  and 
possessing  a  pressurized  and  heated  cabin,  the  C-141  could  move  large  numbers 
of  patients  for  long  distances  quickly,  safely  and  on  schedule,  making  it 
possible  for  a  patient  to  be  moved  directly  from  a  relatively  forward  area  to 
a  definitive  care  center  in  the  United  States.  This  capability  has  been  exercised 
during  the  present  Southeast  Asia  conflict  with  substantial  numbers  of  patients 
(see  Fig  1)  being  moved  by  aircraft  of  many  types  within  the  theater  as  well  as 
being  returned  by  C-141  air  evacuation  aircraft  to  the  United  States. 

It  soon  became  evident  that  the  patient  care  system  which  had  been  developed 
in  response  to  an  earlier  generation  of  needs  and  served  so  well  so  long 
required  modernization  if  medical  care  was  to  match  the  operational 
potential  of  the  new  aircraft.  Very  large  patient  loads,  short  overall  transit 
times  but  long  leg  times  with  many  patients  remaining  on  litters  for  as 
long  as  EO-25  hours  created  a  new  family  of  requirements.  Patients  accommo¬ 
dations  to  simplify  loading  and  unloading  procedures,  improved  access  to  the 
patient  while  in  flight,  and  improved  litter  comfort  were  needed.  New 
diagnostic  and  therapeutic  aids  were  required.  Since  clinical  stabilization 
could  not  always  be  assured,  the  opportunities  for  inflight  decompensation 
were  increased.  These  aids  had  to  function  in  an  environmental  setting 
characterized  by  poor  light,  noise,  vibration  and  crowding.  In  addition, 
these  systems  had  to  be  logistically  acceptable  by  being  light  weight,  low 
in  volume,  simple  to  operate,  safe,  reliable,  and  easy  to  maintain. 


PROGRAM  SCOPE 


The  research  and  development  program  designed  to  improve  inflight  patient 
care  which  wai  undertaken  at  the  School  of  Aerospace  Medicine  gave  first 
priority  to  the  problems  of  strategic  patient  airlift,  particularly  as  it  related 
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to  the  present  dual  purpose  jet  cargo  transport.  Table  I  shows  the  main 
objectives  of  the  program  to  be  improvements  in  patient  accommodations, 
diagnostic  and  therapeutic  aids  and  procedures,  and  the  definition  of 
future  requirements.  Tables  II,  III,  IV,  identify  individual  efforts  in 
support  of  each  of  the  immediate  objectives  and  thus  provide  an  overall 
concept  of  the  program's  scope.  With  respect  to  future  requirements,  an 
extensive  systems  analysis  of  all  major  aspects  of  patient  care  specifically 
related  to  aeromedical  evacuation  is  nearing  completion  and  will  be  used  as  a 
basis  for  an  extrapolation  of  medical  systems  for  the  future  that  will  take 
advantage  of  advanced  aeronautical  systems  toward  the  end  that  exploratory 
development  can  begin  now  in  advance  of  the  need. 


DEVELOPMENTAL  EFFORTS 


The  problem  of  providing  a  safe,  accessable,  comfortable,  logistically 
acceptable  patient  carrying  capability  received  priority  attention  early 
in  the  program.  Figure  2,  shows  a  four  litter  tier  using  the  current  system 
of  straps  and  brackets  for  litter  suspension.  The  inaccessibility  of  a 
patient  in  the  top  litter  is  clearly  demonstrated.  The  development  of  the 
simple,  lightweight  first  prototype  litter  ladder  is  also  shown.  This  project 
was  undertaken  to  correct  that  deficiency.  The  litter  ladder  attaches  rapidly 
and  securely  to  top  and  bottom  litter  poles.  It  has  a  treatment  tray  to  provide 
a  working  area,  and  a  safety  strap  to  secure  the  attendant  in  the  event  of 
turbulence.  Although  the  present  system  weighs  15.  2  kgms  (33.  5  pounds), 
minor  modifications  are  expected  to  reduce  that  weight  by  approximately 
10  pounds  and  provide  a  second  generation  prototype  suitable  for  operational  use. 

In  Fig  2,  each  litter  is  equipped  with  a  new  "disposable"  litter  pad  made  of 
a  lightweight  expanded  poly  vinyl  chloride  material.  It  weighs  only  2.  45  kgms 
(5.  4  pounds)  and  occupies  .  018  meters'3  (.  64  ft3)  in  the  storage  mode  as 
compared  to  the  present  foam  rubber  system  which  weighs  3.  3  kgms  (7.  2  pounds) 
and  occupies  a  volume  of  .  041  meters3  1.  45  ft3).  Extensive  inflight  testing 
has  demonstrated  a  useful  life  of  no  less  than  26-28  hours  with  a  capability 
for  adequately  supporting  three  average  sized  men  in  water  survivability 
testing.  Figure  3,  shows  the  litter  mattress  pad  positioned  for  use. 

Figure  4,  shows  a  prototype  litter  rak  system  designed  to  replace  the 
present  strap  and  bracket  arrangement.  The  new  method  allows  litters 
to  be  retained  in  cantilevered  type  support  arms  which  incorporate  a 
slide  out  feature  similar  to  a  filing  cabinet  drawer  suspension  system.  This 
allows  patients  to  be  loaded  or  unloaded  in  any  sequence,  and  in  particular 
allows  the  patient  to  be  drawn  into  the  aisle  for  greater  inflight  accessibility. 
Preliminary  inflight  tests  of  the  prototype  were  so  encouraging  that  five 
additional  sets,  reengineered  to  optimize  weight,  shape,  reliability  and 
maintainability  are  now  being  completed  and  should  be  available  for  test 
at  the  time  of  this  presentation. 

Efforts  to  improve  patient  accommodations  include  the  development  of  a  fast 
litter  tie  down  device  that  enables  litter  patients  to  be  secured  to  the 
floor  of  an  aircraft,  thus  shortening  ground  time  in  critical  forward  areas. 

A  study  of  new  litter  designs  and  specifications  to  improve  performance 
and  comfort  while  remaining  within  the  present  restrictions  on  overall 
size  is  underway.  Additional  studies  include  the  development  of  the 
biomedical  design  criteria  for  the  C9-A,  "Nightingale"  single  purpose 
aeromedical  evacuation  aircraft.  The  revision  of  that  section  of  the 
handbook  of  instructions  for  aircraft  design  (H1AD)  which  relates  to 
aeromedical  evacuation  biomedical  criteria  has  been  completed.  Study  to 
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define  the  shape  and  form  of  a  special  medical  care  unit  or  system  suitable 
for  providing  definitive  emergency  treatment  and  therapeutic  support  inflight 
is  underway. 

Recent  surveys  of  dual  purpose  aircraft  in  the  aeromedical  evacuation 
mode  have  shown  wide  variations  in  the  intensity  of  lighting  at  various 
locations.  Levels  of  illumination  as  low  as  3  (three)  foot  candles  have  been 
recorded  between  the  two  lowest  litters  in  a  t’er,  Such  levels  are 
insufficient  for  even  simple  examinations,  inspections,  or  treatment 
procedures.  Additional  light  is  ordinarily  provided  by  one  or  more 
flashlights  but  has  never  been  a  satisfactory  solution.  The  development  of 
a  prototype  portable,  rechargable  lamp  which  clamps  to  the  litter,  does 
not  require  electrical  cords,  can  be  focused  and  aimed  and  has  several 
levels  of  illumination,  has  been  completed.  See  Figure  5.  Initial  tests 
show  that  the  system  weighs  only  1.  6  kgm  (3  1/8  lbs),  can  operate  for 
20  hours  without  recharging  and  can  be  recharged  on  aircraft  current. 

The  system  requires  only  minor  modification  before  it  becomes  ready 
for  operational  use. 

Because  of  the  background  noise  in  aircraft,  the  standard  stethoscope  has 
been  of  little  or  no  value  as  a  diagnostic  aid.  Denied  the  use  of  such  an 
instrument,  medical  attendants  have  had  to  acquire  vital  sign  information  by 
observation  and  palpation.  Figure  6,  shows  an  electronic  stethoscope  which  works 
quite  well  in  jet  aircraft  such  as  a  C-141  and  can  be  used  for  auscultation  of 
the  heart  and  Karothoff  sounds  only.  Its  performance  is  severely  degraded 
in  piston  driven  aircraft.  In  its  present  configuration  it  is  unacceptably 
large,  bulky  and  awkward  to  use.  Figure  7,  shows  a  small  stethoscope 
recently  designed  and  bujlt  in-house  specifically  for  amplifying  the  Karothoff  sounds 
only.  The  device,  a  frequency  translator,  alters  the  low  frequency  Karothoff 
sound  input.  It  then  amplifies  that  signal  to  a  frequency  spectrum  where 
the  ear  has  its  maximum  sensitivity.  This  system  has  been  spectacularly 
successful  in  its  initial  test  phase  and  offers  hope  that  the  concept  can  be 
extended  to  heart  sounds  as  well  as  breath  sounds. 

The  question  of  providing  valid  inflight  fluid  and  electrolyte  surveillance 
in  severely  burned  patients  has  been  simplified  by  the  recent  development  of 
a  prototype  lightweight  portable  laboratory  kit,  see  Figure  8.  Its 
capability  includes  hematocrit  determinations  as  well  as  blood  pH,  and 
serum  sodium,  potassium  and  chloride  levels.  The  complete  system 
weighs  only  25  pounds  and  operated  on  rechargable  nickle  cadmium  dry 
cells.  The  centrifuge  is  not  position  sensitive  and  works  equally  well 
lying  on  its  side  or  even  upside  down.  Glass  electrodes  are  used  for  the 
pH  sodium  and  potassium  levels  and  a  silver  electrode  for  the  chlorides. 

A  suitably  trained  technician  can  provide  all  read-outs  in  approximately 
10  minutes.  Testing  to  date  indicates  that  the  results  can  be  expected  to 
be  within  -  2-3%  of  control  ground  based  reference  methods. 

As  suggested  in  the  introduction,  aircraft  of  different  types  are  used  in 
aeromedical  evacuation,  particularly  in  the  intra-theater  tactical 
operations.  Unlike  the  C-141,  many  of  these  aircraft  have  no  integral 
therapeutic  oxygen  systems.  Present  requirements  for  therapeutic 
oxygen  are  being  very  satisfactorily  met  by  the  use  of  the  standard  high 
pressure  oxygen  cylinder  equipped  with  a  suitable  regulator  and  delivery 
system.  However,  the  capacity  of  the  cylinder  is  small  and  the  cylinders 
are  very  heavy,  making  them  difficult  to  move  and  secure.  Figure  9, 
shows  a  small,  lightweight  portable  liquid  oxygen  system  which  when 
filled  weighs  only  50  pounds  and  provides  a  total  of  12  hours  of  continuous 
oxygen  at  10  liters /minute  after  a  stand  by  period  of  48  hours.  It  can  be 
easily  secured  between  litter  stanchions  and  possesses  a  duel  outlet 
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capability  for  the  simultaneous  use  by  one  or  two  patients.  The  system 
can  be  purged  and  filled  at  any  flight  line  having  a  standard  LOX  capability 
because  no  special  servicing  equipment  is  required. 

Inflight  surveys  have  repeatedly  demonstrated  that  the  relative  himidity  in 
the  passenger  compartment  of  a  pressurized  aircraft  flying  at  high 
altitudes  may  approach  1-5%  shortly  after  reaching  altitude.  The  general 
problem  of  inflight  upper  airway  desiccation  and  the  specific  problems  associated 
with  airway  care  in  the  tracheotimized  patient  have  been  consistently  observed. 

A  commercially  available  compact  portable  electronic  nebulizer -humidifier 
was  minimally  modified  for  inflight  use.  Inflight  patient  use  show  this  to  be 
an  effective  system,  soon  to  be  ready  for  operational  use. 

The  problem  of  effectively  attracting  the  attention  of  a  flight  medical 
attendant  in  an  aircraft  with  a  high  density  load  configuration  is  considered 
urgent.  It  can  only  become  more  acute  as  advanced  aircraft  systems  of 
larger  size  are  made  available  for  patient  transport.  Figure  10,  shows  a 
first  generation  prototype  patient-call  system  powered  by  dry  cells  and 
using  a  radio  frequency  signal  which  does  not  interfere  with  the  aircraft 
avionics.  The  requirements  for  lightweight  simplicity,  long  useful  life, 
independence  from  hard  wire  connectors  and  positive  identification  of  the 
patient  at  the  nurses  station  present  problems  not  yet  overcome. 

Figure  11,  shows  a  newly  designed  disposable  naso-gastric  feeding  system 
that  simplified  nursing  care  and  logistics.  An  easily  rehydratable  powder 
diet  can  be  stored  in  the  polyethylene  bag  for  up  to  two  years.  To  use, 
an  outer  wrapper  seal  is  opened,  the  bag  is  removed  and  filled  with  water 
to  a  predetermined  mark.  The  fluid  contents  are  then  presented  to  the 
patient  in  the  usual  fashion.  The  bag  is  thrown  away  when  empty. 

Preliminary  tests  have  demonstrated  the  soundness  of  the  concept. 

Maintenance  of  inflight  oral  hygiene  was  not  a  routine  requirement  in  the 
earlier  days  of  air  evacuation.  Such  care  was  offered  as  part  of  the 
overnight  hospitalization  care  given  at  casualty  staging  units  during 
scheduled  enroute  layovers.  Since  the  introduction  of  a  through  flight 
capability,  patients  are  remaining  on  board  the  aircraft  for  the  best 
part  of  a  24  hour  day  and  the  need  for  interval  inflight  mouth  care  has 
become  apparent.  Test  kits  containing  a  tooth  brush,  dentrifice,  lozenges, 
lip-ice,  disposable  plastic  tissue  cleaner  and  lemon-glycerine  applicators 
were  assembled  and  then  tested  in  the  field.  Recommendations  for  suitable 
materials  and  procedures  followed  and  have  been  operationally  implemented. 

A  portable  isolation  unit  has  been  developed  that  protects  the  patient  as 
well  as  the  environment  from  bacterial  contamination  (Fig  12).  The  unit 
consists  of  power  pack  providing  an  optional  capability  to  operate 
independent  of  an  outside  electrical  current  for  4-6  hours.  It  has  an 
environmental  control  system  that  provides  an  internal  temperature  varying 
from  22.  2  -  24.  4°C  (72°  -  76°F),  even  when  ambient  temperatures  approach 
freezing  or  go  as  high  as  49 °C  (120°F),  an  ultrahigh  efficiency  filter  to  remove 
bacteria  from  both  input  and  output  air,  a  charcoal  filter  for  deodorization,  and 
a  disposable  see-through  plastic  enclosure  with  glove  ports  to  provide  patient 
access.  The  entire  system  as  designed  and  fabricated  weighs  120#.  It  is 
compatible  with  the  standard  litter  system  and  occupies  the  space  normally 
devoted  to  only  two  litters.  A  second  generation  prototype  incorporating  minor 
changes  identified  during  test  is  under  development  and  should  be  ready  for 
test  later  this  year.  The  latter  system  which  should  be  suitable  for  limited 
operational  use  will  not  only  facilitate  the  safe  transport  of  patients  in  the 
contagious  phase  of  a  communicable  disease,  but  also  provide  a  controlled 
thermal  environment  for  transporting  severely  burned  patients. 
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Finally,  a  series  of  studies  to  examine  in  depth  selected  problem  areas 
and  establish  sound  guidelines  for  action  have  been  undertaken.  The 
performance  specifications  for  resuscitators,  respirators  and  aspirators 
to  be  used  inflight  have  been  agreed  upon.  Numerous  off-the-shelf  items  of 
equipment  have  been  examined  against  these  criteria.  The  criteria  for  an 
air  transportable  hyperbaric  oxygenation  capability  are  being  studied  and 
the  possible  requirement  for  an  inflight  operational  capability  being  analyzed. 

The  effect  of  long  distance  aeromedical  evacuation  to  alter  blood  volumes 
and  gases  in  clinically  stable  patients  with  fairly  recent  traumatic  injuries 
has  been  investigated  in  a  preliminary  inflight  study.  It  is  apparent  that 
certain  patients  show  a  decrease  in  arterial  oxygen  saturation  that  is 
disproportionate  to  the  calculated  expected  ambient  values  at  ambient 
cabin  altitudes.  This  finding  which  can  be  tentatively  viewed  an  "equivalent 
altitude  effect  of  disease  and  injury"  and  needs  additional  confirmatory 
studies. 

A  study  of  the  probable  effect  of  acute  exposure  to  altitudes  of  2464  meters 
(8000  ft)  and  below,  altitudes  which  are  commonly  experienced  in  aeromedical 
evacuation  aircraft  cabins,  failed  to  uncover  any  clinically  useful  information 
to  suggest  that  the  action  of  the  commonly  used  therapeutic  drugs  was  altered 
to  an  extent  that  would  require  either  dose  changes  or  substitutions  to  another 
substance. 
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04 PROVE  INFLIGHT  PATIENT  ACCOMMODATIONS 
IMPROVE  INFLIGHT  DIAGNOSTIC  AIDS 
IMPROVE  INFLIGHT  THERAPEUTIC  AIDS  AND  PROCEDURES 
DEFINE  FUTURE  REQUIREMENTS 

TABLE  I. 

RESEARCH  AND  DEVELOPMENT  PROGRAM  OBJECTIVES 
TO  SUPPORT  AEROMEDICAL  EVACUATION. 


UTTER  ACCESS  UNIT 

DISPOSABLE  LITTER  PAD 

UTTER  SUPPORT  AND  SUSPENSION  SYSTEM 

FAST  UTTER  TIE  DOWN  DEVICE 

LITTER  DESIGN  STUDY 

BIOMEDICAL  DESIGN  CRITERIA  FOR  C-9A 
PATIENT  STUDY  ACCOMMODATIONS 

REVISION  OF  HANDBOOK  OF  INSTRUCTION  FOR 
AIRCRAFT  DESIGN  (HIAD)  AS  IT  PERTAINS  TO 
AEROMEDICAL  EVACUATION 

AIR- BORNE  SPECIAL  MEDICAL  CARE  UNIT  (STUDY) 


TABLE  II. 

RESEARCH  AND  DEVELOPMENT  TO  IMPROVE  INFLIGHT 
PATIENT  ACCOMMODATIONS. 


PORTABLE  LITTER  LAMP 
ELECTRONIC  STETHOSCOPE 
BLOOD  PRESSURE  APPARATUS 
PORTABLE  LABORATORY  KIT 

TABLE  IIL 

RESEARCH  AND  DEVELOPMENT  TO  IMPROVE  INFLIGHT 
DIAGNOSTIC  AIDS. 


PORTABLE  LIQUID  OXYGEN  SYSTEM 

ELECTRONIC  NEBULIZER  -  HUMIDIFIER 

PATIENT  -  NURSE  CALL  SYSTEM 

NASO-GASTRIC  TUBE  FEEDING  SYSTEM 

ORAL  HYGIENE  MATERIALS 

PORTABLE,  BACTERIAL  ISOLATION  UNIT 

EVALUATION  OF  RESUSCITATION  AND 
RESPIRATORS  (STUDY) 

EVALUATION  OF  ASPIRATORS  (STUDY) 

PORTABLE  HYPERBARIC  OXYGENATION 
CAPABILITY  (STUDY) 

INFUGHT  ALTERATIONS  OF  BLOOD  GASES  AND 
VOLUMES  IN  WOUNDED  PATIENTS  (STUDY) 

LONG  DURATION  FUGHTS  AND  THE  EFFECTS  OF 
DRUG  ACTION  (STUDY) 


TABLE  IV. 

RESEARCH  AND  DEVELOPMENT  TO  IMPROVE  INFLIGHT 
THERAPEUTIC  AIDS  AND  PROCEDURES. 
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OCT  NOV  OEC  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC 
1966  1967 


Figure  1  -  Total  PACOM  Aeromedical  Evacuation  Patient  Movements 
from  Oct  1966  -  Dec  1967.  PACAF  movements  are 
primarily  intratheater  and  MAC  figures  represent 
intertheater  patient  movements. 
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Figure  8  -  Aeromedical  Evacuation  Laboratory  Kit 


Figure  9  -  Portable  Liquid  Oxygen  System 
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Figure  12  -  Bacterial  Isolation  Unit 


A  LIGHTWEIGHT  PLASTIC  LITTER 


CAPTAIN  I.C.  PEHBT  MB  BS  D  AT  MED,  BAMC 


smuipy 


This  paper  presents  an  idaa  about  a  piece  of  equipment  and  sob#  progress  to 
formulating  tba  idaa  as  it  was  first  suggested  last  year  in  Paris. 

Tha  arguments  for  suoh  a  piaoa  of  eqnipaant  ara  pat  forward  and  sobs  arguments  against. 
Tbs  idaa  of  a  simple  ao aided  plastic  Uttar  to  raplaea  conventional  poles  with  something 
strong  between  tbsa  is  not  easgr  to  aooapt  after  so  aany  years  getting  the  general  etretoher 
parfeoted.  The  stretcher  is  however  an desired  by  the  aircraft  designer  as  it  is  too  long, 
ouabereoaa,  heavy  and  always  presents  problens.  It  is  suggested  therefore  the  tine  is  at 
hand  for  a  change. 
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At  the  end  of  the  Helicopter  Symposium  held  in  Paris  last  year  it  was  suggested  that 
a  new  fora  of  stretoher  was  required.  Suoh  a  stretcher  needed  to  V  light  in  weight,  robust, 
capable  of  being  x-rayed  through,  cheap  to  produce  and  able  to  fulfil  many  roles.  My 
interest  in  this  has  developed  due  to  the  faot  that  in  kray  Aviation  we  are  having 
difficulty  in  fitting  the  old  well-tried  system  of  two  poles  with  something  in  between 
into  our  new  range  of  aircraft.  As  was  said  last  year,  surely  the  time  has  now  come  to 
haw.,  a  new  and  more  suitable  piece  of  equipment  for  our  new  aircraft,  rather  than  to 
build  and  fit  these  new  airoraft  around  ancient  equipment. 

After  a  lot  of  praotioal  experience  I  consider  the  version  ~f  the  Stokes  litter 
used  in  the  British  kray  to  be  an  excellent  piece  of  equipment.  It  is  extremely  light, 
weighing  x  pounds  cr  y  kilos.  However,  it  is  perhaps  longer  than  is  needed  to  cater 
for  the  height  of  the  95  percentile  man  and,  being  made  of  metal,  it  is  radio-opaque. 
Although  strong,  it  is  not  as  robust  as  one  would  like.  In  British  Army  aircraft  it 
is  carried  externally,  there  being  no  aircraft  capable  of  carrying  it  internally* 

A  litter  of  similar  shape  although  of  somewhat  different  dimensions  and  form  and  made 
of  a  tougher  material  which  is  lighter  in  weight,  and  which  could  be  x-rayed  through 
would  be  nearer  to  our  needs.  Such  a  litter  oould  be  carried  on  racks  inside  the  airoraft 
and  by  virtue  of  its  low  weight  and  its  shape  would  be  capable  of  being  nested  in  great 
numbers  so  that  large  quantities  of  them  could  be  stored  and  transported  in  very  snail 
volume.  A  casualty  oould  be  put  into  such  a  litter  on  the  battle  field  and  would  not 
need  to  be  removed  from  it  until  he  was  ready  for  his  hospital  bed,  the  litter  acting 
if  needed  as  stretcher,  plaster  oast,  x-ray  couch  and  operating  table.  If  nade  in  a 
basket  form  it  oould  be  dragged,  floated  (if  neoessarily  after  the  addition  of  a 
collar),  lashed  and  winched  more  satisfactorily  than  a  conventional  stretcher.  If 
suitable  projections  were  provided  on  the  under  side,  it  oould  also  bn  made  to  fit 
all  the  fittings  and  floor  runners  now  in  use  thereby  replacing  the  conventional 
stretoher  in  all  forme  of  transport. 

Change  is  generally  frowned  upon  if  it  means  disturbing  a  peaceful  existence.  Changes 
in  any  form  of  equipment  also  mean  at  least  some  cost  in  replacing  stock  pileB  of  the 
existing  iterae.  To  chenge  the  conventional  stretcher  which  has  been  satisfactory  for  50 
or  more  years  could  not  be  embarked  on  lightly. 

In  aircraft  design,  space  is  very  limited.  For  example,  one  new  small  rotary 
wing  airoraft  has  an  oblong  cabin  and  can  seat  ten  men.  In  the  casualty  evacuation 
role  however,  it  will  only  take  three  conventional  etretohere  fitted  diagonally 
across  the  cabin.  This  makes  loading  extremely  difficult  whioh  becomes  of  even 
greater  importance  whan  untrained  ground  troops  have  to  be  used  for  the  task  as  would 
be  the  case  under  combat  conditions.  Very  valuable  Bp"'”)  f0r  other  casualties,  mn  or 
stores  which  the  aircraft  is  capable  of  lifting  cannot  be  made  use  of.  The  economic 
advantages  of  making  full  use  of  this  lift  capability  by  the  use  of  a  new  form  of 
stretcher  would  In  large  measure  repay  most  of  the  oosts  of  replacing  our 
conventional  etretohere. 

In  all  the  etretohere  with  which  I  have  experimented  the  main  problem  has  been 
the  projection  of  the  handles.  All  etretohere,  no  matter  from  which  organization  or 
oountry,  have  shown  this  seme  defeot.  Something  is  required,  therefore,  without 
handles.  As  the  Stokes  litter  is  too  lorg  and  is  radio-opaque,  these  defects,  too, 
oust  be  overcome. 

A  smaller,  plastic  litter  has  been  developed  and  a  prototype  is  shown  here. 

Basically.  J*  is  extremely  simple,  being  nothing  more  than  a  plastic  shell  which  is 
strong  and  robust  enough  to  fulfil  all  the  roles  already  mentioned.  The  prototype 
Is  erode  and  no  more  than  a  space  model.  Being  made  of  glass  reinforced  plastio, 
which  le  a  convenient  laboratory  construction  for  such  prototypes,  it  is  very  heavy 
and  baa  been  used  to  define  only  the  necessary  shape  structure  and  size.  Investigation 
has  already  shown  that  the  use  of  suitable  modern  materials  and  methods  of  manufacture 
oould  be  used  which  would  ensure  very  light  weight  indeed  together  with  adequate 
strength  and  rigidity  at  very  low  cost.  These  preliminary  investigations  suggest 
that  with  production  of  an  adequate  quantity  the  unit  ooet  would  be  low  enough  to 
enable  thaw  to  be  regarded  as  disposable  items. 

Suoh  an  appro aoh  has  a  few  major  faults.  As  in  most  other  developments,  the 
advantages  of  the  incorporation  of  tome  feature*  has  meant  disadvantages  by  the 
elimination  of  other*.  Perhaps  the  main  obvious  disadvantage  is  that  If  you  are 
more  than  6  ft  3  in.  or  z  on.  tall  your  feet  or  heed  must  hang  over  the  end. 

However,  this  is  already  so  in  the  conventional  stretoher.  It  has  alrea 4y  been 
ooewented  chat  suoh  e  device  oannot  be  used  with  a  Thonas  splint  whioh  is  a  device 
with  a  leg  loop  and  full  length  metal  stirrup  used  for  treating  fractures  of  the 
e*snr.  This  aty  be  so,  but  neither  oar  it  be  used  with  the  Stokes  litter  we  now 
us*.  This  need  oould  be  oeterwd  for  by  fixing  the  leg  to  the  litter  end  even  by 


applying  traction  from  the  botton  slata.  If  necessary,  the  leg  could  even  be  plastered  Into 
the  llttax. 

Another  fault  ie  that  auoh  a  litter  would  be  eo  light  that  rotor  downwash  would  blow  It 
away  vary  easily-  Rotor  downwaah  would  also  blow  the  Stokes  litter,  the  conventional 
stretoher  or  virtually  anything  else  away-  In  the  British  any  we  train  men  to  keep  suoh 
lteas  away  from  the  area  of  the  downwash  and  the  only  tine  that  such  a  litter  -should  be  In 
the  area  should  be  when  it  contains  a  patient  and  is  being  carried  to  the  aircraft.  Unlike 
the  conventional  stretoher,  it  oan  be  oarried  from  any  of  Its  four  sides  by  any  number  of 
awn. 

Such  s  concept  has  bean  rejected  by  some  on  the  grounds  that  it  has  taken  so  long  to 
reaoh  agreement  an  the  present  day  systems  that  It  would  be  unwise  to  offer  an  alternative 
now.  Howsvar,  there  is  sons  evidence  that  aircraft  design are  would  welcome  this  alternative 
beoause  of  its  space  and  weight  advantages.  Most  of  you  must  have  handled  a  stretoher  at 
one  time  or  another.  I  would  like  to  know  your  views  and  would  welcome  your  criticisms  or 
suggestions. 
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bukl  churmar's  coMcuroma  mnimwa 

"Ladles  and  Gentlemen, 

All  good  things  oust  oome  to  an  and  and  it  is  with  regret  that  I  must  bring  this  25th  nesting 
to  a  olose. 

I  wish  to  extend  ay  thanks  and  yours  to  the  United  Kingdom  for  permitting  us  to  have  our  nest¬ 
ing  in  London,  and  in  particular  to  the  Rational  Delegate,  Mr  Handel  Davies,  who  extended  the 
invitation. 

I'm  sure  that  you  would  also  like  me  to  thank  the  distinguished  speakers  who  addressed  us  at 
our  opening  ceremony;  the  Chief  of  the  Air  Staff,  Air  Marshal  Sir  John  Graady;  the  Rational  Dele¬ 
gate,  Mr  Philip  Hufton;  the  Director  General  of  Medical  Servioes  of  the  Royal  Air  force.  Sir  George 
Gum;  and  the  Director  of  AGASD,  Mr  franklin  Boss. 

I  think  that  we  have  been  fortunate  to  have  our  meeting  in  such  pleasant  rooms  and  I  wish  to 
reoord  our  appreciation  to  the  Counoil  of  the  Zoological  Society  of  London.  In  this  context,  our 
thanks  also  to  Hr  fish,  the  librarian  and  the  housekeeper  and  projeotionlst  for  all  the  praotioal 
help  they  have  been  in  permitting  the  meeting  to  prooeed  so  smoothly.  I  would  also  like  to  add  a 
personal  word  of  thanks  to  our  AGASD  staff,  namely  Colonel  Grunhofer  and  our  Seoretary,  Miss  Ann 
MoStravick;  also  to  Mr  Smith  of  the  Ministry  of  Technology  who  handled  many  of  the  administrative 
arrangements  and  the  looal  programme  chairman  Group  Captain  Dobla  and  his  staff  for  their  help  in 
trying  to  make  our  meeting  enjoyable. 

I  an  sure  that  we  all  thank  our  eloquent  speakers  and  our  Session  Chairman  for  the  interesting 
and  useful  presentations  and  discussions  wa  have  had  this  week.  I  believe  that  this  type  of  pre¬ 
sentation  makes  a  most  useful  contribution  to  RATO  effectiveness.  Our  thanks  also  to  our  inter¬ 
preters,  without  whose  skill  and  endurance  this  meeting  would  have  lacked  very  auoh. 

I  am  sure  that  you  would  also  wish  me  to  mention  our  most  enjoyable  social  programme.  In 
particular  the  kindness  of  the  Rational  Delegate  Mr  Philip  Hufton  for  receiving  us  and  entertaining 
us  to  oooktalls.  I  wish  also  to  reoord  our  thanks  to  Sir  James  Martin  of  the  Martin  Dakar 
Aircraft  Company  for  so  grnierousiy  entertaining  us  to  oooktalls.  It  was  a  great  personal  pleasure 
for  as  to  meet  Sir  Jamas  Martin  again  and  I  shall  be  writing  to  him  on  your  behalf.  I  hope  also 
the  Ladles  enjoyed  their  programme  and  on  their  behalf  I  thank  Lord  Bedaayne  of  Harrods  for  the 
interesting  visit,  and  Lord  Milner  who  arranged  the  oanduoted  tour  of  the  Houses  of  fferllemant.  A 

special  word  of  thanks  also  to  Mrs  Whiteside,  who  looked  after  the  ladies  for  us.  Vs  wers  so 
pleased  that  some  of  the  delegatee  brought  their  wives  with  than  to  this  meeting. 

I  also  would  like  to  thank  Air  Commodore  Roxburgh  and  Group  Captain  Ferguson  who  is  the 
Commanding  Offioar  of  the  Institute  of  Aviation  Medicine  and  his  staff  for  the  interesting  visit 
whloh  has  bean  arranged  at  Farnborough  for  tomorrow.  Also  to  Group  Captain  Whiteside  who  handled 
many  of  the  details  for  the  visit. 

If  I  have  missed  anyone,  I  hope  that  they  will  forgive  me.  We  have  met  so  many  people  and 
they  have  done  much  to  make  our  stay  a  pleasant  one.  With  regret,  Indies  and  Gentlemen,  I  now 
bring  this  meeting  to  a  olose  and  I  bid  you  farewell  and  a  safe  journey,  in  the  hope  that  you  have 
fowl  our  25th  Meeting  as  useful  and  interesting  as  I  have." 


S.  A.  UUSCHHSB, 

Prof eeeor,  Dr.  med., 
Brigadier  General,  GAF,  MC, 
CHAIBMAH 

arbosfacx  msxcal  buhl 
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TECHNICAL  SUMMART 

The  25th  meeting  of  the  AGARD  Aeroepaoe  Medioal  Panel  was  held  at  the  Meeting  Rooms  of  the 
Zoological  Society  of  London  froa  the  15th-17th  October  1968  and  was  followed  by  a  visit  to  the 
Royal  Air  Foroe  Institute  of  Aviation  Medioine  at  Famborough,  Hampshire,  an  Friday  16th  October 
1968. 

Eighty-six  delegatee  attended  the  seating  rep re* en ting  twelve  NATO  nation*  and  the  NATO 
Headquarters. 

The  meeting  was  opened  by  Professor  Doctor  E.  A.  Lauaohner,  Brigadier  General,  GAF,  MC,  the 
Chairaan  of  the  Aerospace  Medical  Panel.  Professor  Lauaohner  welcomed  the  delegates  and  intro¬ 
duced  in  turn  the  four  distinguished  guest  speakers  namely.  Air  Chief  Marshal  Sir  John  Grandy,  RAF, 
Chief  of  the  Air  Staff;  Mr  Philip  Bufton,  United  Kingdom  national  delegate  to  A6ARD; 

Air  Marshal  Sir  George  Gunn,  RAF,  Dlreotor  General  of  Medical  Servioes;  and  Mr  Franklin  Ross, 
Direotor  of  AGARD. 

In  hi*  opening  address,  the  Chief  of  Air  Staff  stressed  the  importance  of  the  NATO  allianoe 
and  the  wary  large  contribution  that  learned  bodies  such  as  the  Aerospaoe  Medioal  Panel  made  toward 
the  ooheaion  of  NATO.  Air  Marshal  Sir  John  Grandy  also  referred  to  the  continuing  importance  of 
nan  in  the  operational  defence  role  in  aviation  and  the  vital  contribution  of  the  Panel  in  this 
field.  Mr  Philip  Huf ton,  a  Deputy  Direotor  of  the  Royal  Aircraft  Establishment,  Farnborough,  also 
stressed  the  continuing  need  to  obtain  a  good  natch  between  nan  and  machine,  a*  oomplex  electronic 
and  avionic  systems  were  developed  to  improve  crews  skills.  Mr  Hufton  also  referred  to  the  valu¬ 
able  contribution  made  by  the  panel  in  giving  advice  to  the  various  needier  nations  both  in  respect 
of  training  and  general  problems  la  the  field  of  aviation  medioine.  Air  Marshal  Sir  George  Gunn 
expressed  hie  pleasure  et  the  references  by  the  previous  speakers  to  the  importance  of  the  human 
f motor  in  aerospace  systems  and  of  the  need  for  medioal  representation  in  the  multi -discipline  teams 
necessary  both  for  the  promotion  of  r a* ear oh  and  for  the  interpretation  of  the  results.  In  this 
context,  he  also  referred  to  the  unique  advantage  to  ASMP  of  many  of  it's  members  being  Flight 
Surgeons  or  Flight  Medioal  Officers,  having  dose  association  with  the  problems  of  operational 
flying.  Mr  Franklin  Roaa,  the  Direotor  of  AGARD,  considered  that  the  programme  topioe  were  a  very 
strong  Indication  of  the  extent  to  whioh  aviation  medicine  oould  contribute  to  the  operational 
aspects  of  NATO's  Mission;  that  the  programme  was  well  balanced  ooverlng  several  areas  of  great 
operational,  military  and  medical  interest.  Mr  Ross  also  referred  members  to  the  successful  co¬ 
operation  with  the  Structures  end  Materials  panel,  whioh  was  to  contribute  to  the  seotion  on  body 
amour  at  this  meeting. 

Professor  Lauschner  thanked  the  guest  speakers  for  their  presanoe  and  the  stimulating  and 
generous  renarks  that  they  had  made  about  the  Aerospace  Medioal  Panel.  He  also  reoordad  the 
Panel's  appreciation  to  the  United  Kingdon  for  the  invitation  to  hold  this  year's  meeting  in  London. 
Finally,  the  Chairaan  extended  a  war*  personal  greeting  to  ell  the  guest  speakers,  panel  members  and 
dalegatea  in  the  sincere  hope  that  the  meeting  would  be  interesting,  stimulating  and  useful,  not 
only  to  the  medioal  branches  of  the  NATO  foroes,  but  also  to  the  effectiveness  of  the  NATO  opera¬ 
tional  Air  Forces. 

The  first  session,  on  Pattern  Recognition  was  chaired  by  Colonel  Professor  A.  Soano,  XAF, 
Vioe-Chairaen  of  ASMP.  The  three  papers  in  this  session  were  not  only  very  important  individually, 
hut  also  of  the  greatest  interest  whan  considered  together.  The  experiments  carried  out  by 
Dr.  Davies  showed  that,  in  particular  conditions  of  target  else  and  background  ocatrast,  there  was  a 
olose  relationship  between  the  theory  of  visual  search  and  the  aoquisition  of  targets.  In  saaroh 
oonditlons,  namely,  with  suocesslve  glimpses  of  short  duration  and  in  dynamic  conditions  corres¬ 
ponding  to  the  praotloal  aspeot  of  air  to  ground  visual  saaroh  this  also  held  good.  He  also  showed 
tint  whan  the  target  else  varied,  the  probability  of  recognition  also  o hanged  in  proportion.  This 
confirmation  of  theoretical  data  in  the  sphere  of  target  aoquisition,  had  bean  oarried  out  both  By 
naans  of  simulators  and  in  aotual  flight  oonditlons.  The  work  by  Professor  Howmrth  and 
Dr.  Bloorfleld  in  their  field  of  viawl  saaroh  had  made  a  valuable  contribution  by  anm mining 
various  factors  oonoaralng  both  target  specification  and  the  camouflage  sffeot  of  oomplax 
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backgrounds.  This  was  the  beginning  of  s  continuing  effort  by  these  workers  to  devise  ways  of 
predicting  both  the  range  and  the  latenoy  of  deteotion  of  real  targets  from  a  physical  specification 
of  the  target  and  its  background.  Apart  froa  the  signlfioanoe  of  the  outooae  of  this  particular 
research,  the  staple  searoh  situation  that  had  been  developed  for  this  work  was  aost  interesting  and 
saeaed  likely  to  bare  wide  application  in  that  field  generally.  The  device  was  seal  to  be  of  value, 
not  only  in  assessing  the  various  relationships  between  target  and  non-target  sixes,  number  and  dura¬ 
tion  of  fixations,  but  also  as  a  means  of  deaonstrating  the  iaportanoe  of  training  and,  therefore, 
search  tine  as  a  function  of  the  many  different  parameters. 

The  paper  by  Soano,  Meineri,  Cap oral a  and  Longhi  represented  a  contribution  to  the  knowledge  of 
visual  perception  phenomena  in  various  gravitational  fields.  The  rapidity,  aoouraoy  of  perception 
and  localisation  of  the  image,  would  be  ascertained  by  naans  of  a  magnetio  tape  recording  of  subject 
responses  under  different  conditions. 

The  work  described  in  these  papers  was,  in  many  instances,  in  its  early  stages  in  many  oases 
and  the  laboratory  data  would  require  oonfi nation  under  multi-stress,  in-flight  conditions.  These 
early  results  were  aost  interesting,  however,  and  were  likely  to  make  a  valuable  contribution  to 
this  highly  important  operational  field  of  target  acquisition.  The  outooae  of  suoh  work,  with  par¬ 
ticular  reference  to  the  high  epeed  1 an  level  flight  condition  could  be  of  great  signlfioanoe  to  the 
NATO  operational  commander. 

The  seoond  session  of  the  day,  chaired  by  Croup  Captain  T.  C.  D.  Whiteside,  RAF,  also  consisted 
of  three  papers  on.  the  general  topic  of  pattern  recognition  from  the  visual  point  of  view.  In  the 
first  paper  by  Wolbareht  and  Wagner,  the  fundamental  neurophysiology  of  the  retinal  organisation  in 
pattern  recognition  was  disoussed.  This  presented  an  Interesting  concept  of  the  role  of  the  gang¬ 
lion  oolls  in  coding  and  auto-correlating  the  Information  from  the  retinal  oells,  for  example,  in 
colour  perception.  This  paper  is  not  published  in  these  proceedings.  The  seoond  paper,  by  Hopkln, 
reviewed  the  discrepancies  and  weaknesses  of  current  and,  in  certain  oases,  proposed  maps  and  chart*. 
The  author  drew  attention  to  the  need  for  a  ooaplete  redesign  of  the  described  material  based  on  the 
different  requirements  of  the  airborne  task.  Aa  an  example  of  this,  in  low  level  flight,  geodetio 
and  man-made  features  were  recognised  by  their  elevation  rather  than  the  plan  view  that  was  usually 
presented  on  maps.  In  the  final  paper.  Professor  Heroier  described  the  findings  of  a  fairly  simple 
questionnaire  on  the  subject  of  the  illumination  of  aeronautical  charts.  The  comparison  of  Fighter, 
Military  Transport  end  civil  Aviators'  preferences  showed  that  in  cruise  conditions  aost  preferred 
white  illumination,  but  that  in  the  landing,  take-off  and  o limbing  phases  of  flight,  rad  light  was 
usually  preferred.  The  questionnaires  also  showed  that  younger  pilots  had  more  preference  for  red 
lighting. 

These  three  papers  ranged  froa  the  theoretical  to  the  applied.  The  first  paper  oould  be 
regarded  as  a  sclntlfio  briefing  for  aeroaedioal  specialists.  The  seoond  paper  emphasised  the 
faot  that  present  day  maps  and  o harts  were  not  good  enough  for  high  performance  aircraft.  They 
tended  to  ha  too  ooaplex,  read  too  slowly  and  failad  to  present  the  information  required  by  the 
aviator  during  epeoifio  flight  profiles,  suoh  as  the  high  speed  low  level  situation.  It  mas  to  be 
hoped  that  this  formal  statement  of  these  limitations  would  go  seme  way  toward  enooureging  improve¬ 
ments  in  this  important  subject.  The  user  opinions  expressed  in  the  questionnaires  described  in 
the  third  paper  lend  support  to  the  conclusions  of  the  Symposlun  on  Aircraft  Instrument  and  Cockpit 
Lighting  by  Red  or  White  Light,  whioh  were  published  recently,  (Conference  Proceedings  No  26). 

Tbm  final  session  of  the  day  was  ohnlred  by  Professor  Meroier  and  oonsisted  of  two  presenta¬ 
tions.  The  first,  by  Dr.  Robert  Camp,  disoussed  the  philosophies  of  voloe  communication  systems 
design,  and  the  seoond  paper,  presented  by  Dr.  Miro,  was  a  lats  addition  to  the  programme  and  dea- 
oribad  the  notion  of  a  mpetio  field  of  42,000  gauss  am  the  growth  of  Baoillus  ooll.  Dr.  Camp 
played  various  rwoordsd  tapes  la  ordsr  to  dsmen strata  tha  iaportanoe  of  Improvements  la  voioe 
nnemuil  m  1 1  m  systems  between  aircraft  aad  the  ground.  Tha  first  tape  mi  a  ooewmjniontion  between 
a  private  aircraft  la  difficulties  and  a  ooatrol  tower;  the  seoemd  was  a  reoordiag  of  a  military 
aircraft  oommnaloatlag  with  its  oomtrol  poet  aad  the  final  tape  was  reoorded  in  a  Chinook  helicopter, 
la  all  three  easew  the  sound  eas  of  vexy  poor  quality,  resulting  la  difficulties  of  comprehension. 


5 


The  author  than  demonstrated  tapes  from  a  new  modified  communication  system  in  which  the  reproduc¬ 
tion  and  subsequent  speeoh  oomprshension  were  materially  imp rowed.  The  author  suggested  that  the 

philosophy  of  systeas  design  whieh  had  evolved  sines  Vorld  Var  II  was  largely  responsible  for  the 
present  day  low  efficiency  systeas.  In  particular,  the  author  felt  that  the  popular  assumptions 
held  hy  design  engineers  about  distortion,  band  width  conservation  and  speeoh  intelligibility 
criteria  would  explain  some  of  the  reasons  for  the  failure  to  develop  a  successful  voice  communica¬ 
tion  system.  The  final  paper  of  the  day,  present  by  Dr.  Miro,  was  intended  to  show  the  influence 
of  aagnetio  fields  of  strong  intensity  on  the  organisms  of  Bacillus  coll  and,  by  extrapolation,  on 
aan  hiaself.  The  authors  have  shown  that  the  growth  of  the  bacteria  was  not  affected  when  the 
magnetic  field  was  continuous.  Cta  the  other  hand  a  sharp  variation  in  the  field  produoed  a  sharp 
increase  in  the  growth  rate  which  returned  to  normal  in  the  absenoe  of  any  further  variation  in  the 
magnetic  field.  In  the  discussion  which  followed,  the  author  pointed  out  that,  in  this  oontext, 
the  effeot  of  e  aagnetio  field  was  oo sparable  to  the  effeot  of  an  eleotrical  field. 

This  ooaplsted  the  first  day  of  the  conference,  and  the  session  on  pattern  recognition.  The 
majority  of  the  papers  were  concerned  with  the  visual  aapeot  of  pattern  recognition  and  ranged 
widely  froa  the  theoretical  to  the  practical  situation  in  the  cockpit  of  contemporary  aircraft. 

The  interest  wbioh  the  various  papers  promoted  was  shown  by  the  discussions  that  followed;  the 
further  need  for  both  basio  and  applied  work  in  this  field  was  rightly  eoqphaaised  by  the  various 
spaakers. 

The  second  day  of  the  conference  saw  the  beginning  of  the  seotion  on  body  armour  and  alrorew 
equipment  assemblies.  The  Chairman  for  the  first  session  was  Colonel  K.  H.  Shaaburek,  UC,  USA. 

This  session  consisted  of  five  papers  on  body  armour.  The  presentations  by  Dr.  Sullivan,  USA, 
and  Captain  Leoaand,  FAT,  were  given  on  behalf  of  the  Structures  and  Materials  Panel  of  AGAHD. 

Dr.  Sullivan  reviewed  the  recent  history  of  body  armour  in  the  United  States  end  went  on  to  disouse 
ourrent  construction,  using  plastio  and  ceramic  materials,  particularly  boron,  siliocn  and  aluminium 
carbide.  The  author  pointed  out  the  ohange  in  the  distribution  of  wounds  that  had  resulted  from 
the  use  of  body  armour,  with  a  reduotion  of  chest,  back  and  abdominal  injuries.  He  also  stressed 
that  the  increase  in  combat  effectiveness  resulting  from  ocnfidsnoe  in  body  armour,  and  the  assoc¬ 
iated  improvement  in  morale,  were  highly  important  Justifications  for  the  use  of  body  armour  whioh 
sere  probably  often  overlooked.  Lieutenant-Colonel  Gregory,  USA,  presented  various  observations 
on  body  armour  that  had  been  derived  from  aircraft  acoidant  reports.  He  pointed  out  the  out¬ 
standing  problem  areas,  e.g.  exoeasive  weight,  Inadequate  ventilation,  laok  of  buoyanoy,  inoompata- 
bility  of  body  armour  with  other  items  of  personal  equipment  and  the  difficulties  of  removing  the 
equipment.  Mr  Baker  described  oeramio  based  body  armour  consisting  of  small  overlapping  tiles  of 
oermmio,  whioh  oould  be  produced  in  almost  any  alls  or  shape.  This  oonstruotion  had  the  particu¬ 
larly  interesting  property  of  being  able  to  withstand  suoosssivs  strikes.  He  demonstrated  a  new 
vest  for  alrorew  that  Incorporated  this  type  of  proteotive  armour  in  a  quiok  release  attachment. 

The  vest  also  bad  a  unique  means  of  weight  bearing  in  whioh  most  of  the  weight  of  the  armour  eas 
taksn  am  the  waistband.  Mr  Baker's  paper  was  not  available  for  publishing  in  these  proceedings. 
Major  Murphy  reviewed  the  development  end  successful  operational  use  of  body  armour  during  low 
altitude  flight  missions  in  Vietnam.  Speoifio  mission  requirements  and  the  requirements  of  air¬ 
crew  compared  with  those  of  ground  orew  with  respect  to  body  armour  ware  also  dlsoussed.  Captain 
Leomand  described  body  armour  both  in  vest  form  and  pullover  form, that  utilised  overlapping  plastio 
laminated  tiles.  He  eas  of  the  opinion  that  the  current  weight  of  most  items  of  body  armour  mi 
still  exeesslve  and  reoommandad  that  an  optimum  walght  of  two  kilograms  should  be  aimed  at. 

Ties  survey  of  body  armour  was  both  interesting  and  comprehensive.  The  saving  of  life  and 
reduotiem  of  sounds  tlmt  had  been  eohieved  by  the  use  of  body  armour  mas  most  msoauraging.  The 

point  whieh  was  metis  with  regard  to  the  value  of  body  armour  in  raising  morals  and  thereby  oombet 
effectiveness,  ms  a  point  of  view  which  should  bo  of  Interest  to  the  operational  oommander.  It 
mas  also  dear,  however,  that  the  development  atglnaar  eas  still  faced  with  many  difficult  problems. 
These  were  mainly  eenosrned  with  the  reduotion  of  weight  of  body  armour  and  improving  its  oompata- 
bility  with  the  wearer' s  work  spaoe,  task,  and  other  personal  flying  aquipment  before  body  armour 
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oould  be  used  widely  without  functional  detriment.  In  discussion,  the  question  of  armouring  parts 
of  the  aircraft  was  oonsidered;  it  was  pointed  out  that  the  weight  penalty  was  considerable  and  on 
balance  the  emphasis  had  therefore  shifted  towards  personal  proteotion.  On  the  question  of  weight 
of  personal  amour,  one  of  the  significant  faotors  that  had  emerged  was  the  rapid  increase  of  cost 
as  the  weight  was  reduced. 

The  next  session  consisted  of  papers  on  alrorsw  equipment  assemblies  and  was  chaired  by  Group 
Captain  T.  G.  Dobie,  HIT.  There  were  four  speakers  in  this  interesting  session  which  covered  cer¬ 
tain  fundamental  and  applied  aspects  of  aircrew  protection.  The  first  speaker  discussed  the 
prlnoiples  of  safety  hamese  design  and  presented  a  aethod  of  harness  assessment.  This  presentation 
highlighted  the  valuable  contribution  that  the  aeroaedical  doctor  can  make  in  an  area  that  had  pre¬ 
viously  been  the  exclusive  pro  win os  of  the  engineer.  Although  many  of  the  test  measurements  were 
stress  tests, throughout  a  gradually  increasing  range  of  accelerations  in  different  planes,  the 
results  also  took  into  acoount,  harness  oomfort,  ease  of  use  throughout  a  representative  range  of 
bogy  sixes,  as  well  as  harness  restraint.  The  seoond  paper  reviewed  the  problem  of  providing 
tberaal  protection  to  aircrew,  both  in  the  routine  flying  and  emergency  situations.  The  speaker 
described  a  programme  of  physiological  assessment  of  five  different  liSN  aircrew  protective  suit 
systems  under  different  environmental  conditions.  He  highlighted  the  great  problems  presented  by 
such  a  requirement  end  suggested  that  no  aingle  suit  oould  provide  a  satisfactory  solution  to  both 
the  routine  end  emergency  situations.  The  value  of  a  combined  suit,  life-raft  assembly  to  oover 
the  aide  tberaal  spectrum  was  stressed.  The  third  speaker  reviewed  the  work  that  had  been  carried 

out  in  the  field  of  water-cooled  suite.  In  doing  so,  he  confined  his  remarks  principally  to  the 

prograame  in  tbs  OK.  The  author,  although  acoepting  the  feasibility  of  this  method  of  body  cooling, 
expressed  some  doubts  as  to  whether  the  user  oould  control  the  suit  function  by  personal  choice 
rather  than  by  means  of  an  automatic  te^ierature  regulating  mechanism.  The  practical  problems  of 
suit  meohsnisms  were  not  oowered  in  the  presentation.  Subsequent  d>  ussion,  however,  highlighted 
the  difficulties  associated  with  the  accurate  measurement  of  body  temperature.  The  final  paper  in 
this  session  consisted  of  a  well  presented  .survey  of  flash  blindness  protection  systems  by  Dr.  Gloria 
Chlsua,  USA.  The  speaker  oonoluded  that  the  use  of  photoohromio  techniques  offered  the  most  likely 
solution  to  this  problem,  although  the  ideal  solution  was  not  yet  available  because  of  apparent  tech¬ 
nological  difficulties.  At  present,  photoohromio  goggles  had  the  great  disadvantage  that  they 
reduo ed  light  transmission  by  soae  50£  in  routine  use.  On  the  credit  side,  however,  they  were 
oapable  of  speedy  onset  of  operation,  reversibility  and  could  be  used  repeatedly.  The  importance 
of  reaching  a  satisfactory  outcome  to  this  problea  was  stressed,  with  particular  reference  to  the 
low  level  flight  profile. 

This  was  yet  another  interesting  aesslon  eovering  examples  of  both  basic  and  applied  aero- 
aedioal  problems.  The  first  paper  was  an  Interesting  example  of  the  multi-disoiplinary  approach  to 
the  solution  of  practical  probltas  and  the  value  of  medical  specialists  in  the  combined  research 
teea.  Other  papers  highlighted  practical  difficulties  in  the  area  of  aircrew  equipment  assemblies 
and  demonstrated,  only  too  olearly,  oertain  praotical  problems  of  low  level  high  speed  flight,  both 
in  the  realm  of  thermal  stress  and  the  additional  hasards  of  flash  blindness  in  the  tactical 
situation. 

The  session  on  Current  Spaoe  Medical  Problems  was  chaired  by  Colonel  R,  S.  Ualone,  Chief  of  the 
Msrtloa.1  Research  Group,  Headquarters  USA? .  It  began  with  two  papers  on  cardiovascular  studies, 

continued  with  one  paper  related  to  a  new  index  of  respiratory  stress,  and  closed  with  two  papers  on 
the  problems  associated  with  high  oxygen  ten-ions.  In  the  opening  paper,  Lieutenant  Colonel 
Lancaster,  USA?,  MC,  reported  the  results  of  protracted  bed  rest  studies.  He  showed  that  stroke 
volume,  plaeaa  volume,  red  oell  aass  and  skeletal  musole  mass  were  significantly  decreased  by  30 
days  of  bod  root.  He  further  pointed  out  that  a  relatively  long  time  was  required  before  these 
return  to  ooraal  after  the  reins tatvent  of  aabulation.  Major  Trlebwasser,  USA?,  MC,  provided 
further  data  on  the  aetabolio  and  haanatologlc  aspeots  of  hypodyaamios.  These  showed  that  during 
protracted  bed  root  studies,  aetabolio  requirements  decreased  by  30 '  ,  and  that  adipose  tissue 
rep las ed  the  lose  of  musole  aaee  described  by  the  previous  speaker.  The  nitrogen  sulphur  and 
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potassium  balanoes  became  negative  and  red  oell  production  was  deoreased.  In  the  third  paper  of 
this  session,  Squadron  Leader  Denison,  RAT,  desoribed  a  new  methodology  for  the  measurement  of  mixed 
venous  blood  gas  tensions  by  a  rebreathing  technique.  He  also  described  how  the  gas  tensions  in 

mixed  venous  blood  provided  a  particularly  useful  index  of  oardio-respiratory  stress.  Describing 
the  results  of  several  hundred  observations,  the  author  showed  that  estimates  of  alveolar  ventila¬ 
tion,  cardiac  output,  residual  volume  and  alveolar  mixing  were  by-products  of  the  methods  employed. 
Dr.  Kydd  presented  a  paper  on  the  effects  of  prolonged  exposure  to  high  oxygen  tension.  Rats  were 
exposed  to  100^  oxygen  at  two-thirds  of  an  atmosphere  for  30  to  47  days.  Hypertrophic  and,  in 
some  oases,  hyperplastic  changes  were  found  in  the  pulmonary  vasculature;  pulmonary  hypertension 
and  systemio  hypotension  ware  also  observed.  In  the  final  paper,  Captain  Carter,  tJSAT,  discussed 
methods  whereby  chamber  safety  could  be  enhanced  when  using  oxygen  enriched  atmospheres.  He  dis¬ 
cussed  the  characteristics  of  fin  extinguishing  systems  that  had  been  developed  for  use  in  this 
potentially  hasardous  situation. 

This  session  provided  interesting  papers  on  different  aspects  of  current  space  medioal  problems, 
both  practical  and  theoretical.  The  papers  were  received  with  great  interest,  not  only  because  of 
the  quality  of  the  worV,  but  perhaps  beoause  they  bad  many,  often  praotioal,  applications  that  were 
not  specifically  related  to  the  problems  of  spaoe. 

The  first  part  of  the  session  on  Aaromedieal  Xvaouatlon  was  chaired  by  Brigadier  General  J.  J. 
Tarsia  of  the  Portuguese  Air  Toros.  It  began  with  a  paper  by  Ting  Commander  Atkinson,  RAT,  who 
desoribed  the  arrangements  in  the  Royal  Air  Toroe  for  strategic  and  tactical  aeromedioal  evacuation. 
As  examples  of  the  emergenoy  oases  that  provided  the  bulk  of  the  more  difficult  special  aeromedioal 
flights,  the  speaker  disousaed  in  detail  the  transport  of  patients  with  spinal  injury,  renal  failure 
and  those  suffering  from  multiple  injuries.  The  speaker  then  desoribed  a  number  of  items  of  new 
equipment  used  in  the  aeromedioal  evacuation  role;  the  equipment  was  made  available  for  subsequent 
examination  by  the  delegates.  finally,  the  speaker  desoribed  taotioal  aeromedioal  evacuation 
teohniquea  in  the  Royal  Air  Toroe.  This  presentation  provided  the  audience  with  a  resume  of  the 
broad  aspects  of  the  topio  and  served  aa  a  useful  introduction  to  the  papers  which  followed. 

Major  Hey  of  the  German  Air  Toroe  Medical  Corps  then  disoussed  experiences  in  the  air  transport 
of  patients  in  peace  time.  He  highlighted  the  growing  importance  of  the  use  of  helioopters  as  a 
means  of  evacuating  dangerously  ill  patients,  particularly  in  view  of  the  ever  increasing  density  of 
road  traffic.  The  presentation  was  centred  around  a  study  of  thirty-five  actual  missions  flown  in 
this  role.  from  an  analysis  of  this  material,  the  author  had  been  able  to  draw  useful  conclusions 
concerning  the  design  and  layout  of  the  helicopter,  and  the  desirable  staff  and  medioal  equipment 
requirements  neoessary  to  ensure  greater  efficiency,  safety  and  speed  with  maximum  in-flight  medioal 
care. 

The  next  paper,  by  Captain  Boses,  late  at  the  United  States  Navy,  and  James  T.  Parker  Jr.,  dealt 
with  the  aeromedioal  problems  associated  with  the  resoue  of  downed  airmen.  The  study  had  been 
undertaken  in  an  attempt  to  review  speoiflo  aeromedioal  problems  arising  under  combat  conditions,  and 
to  assess  in  particular  the  need  for  new  or  improved  resoue  equipment  end  teohniquea.  A  series  of 
42  resoue a  in  South  East  Asia  had  bean  studied  in  order  to  assess  the  range  of  injuries  sustained  by 
aircrew  personnel  under  combat  conditions.  from  the  results,  the  need  for  oertain  classes  of  medi¬ 
cal  support  equipment  in  resoue  vehicles  was  shown,  and  the  speoifio  training  requirements  for  heli¬ 
copter  resoue  crewmen  described. 

The  session  continued  under  the  Chairmanship  of  Colonel  B.  define  Olivarlus  of  the  Royal  Danish 
Air  Toroe.  Major  Murphy,  USAT,  desoribed  some  recent  advances  and  new  concepts  in  the  evaouatloo 
at  patients  by  sir  in  oargo  type  at ro raft.  Hew  equipment  had  been  developed  to  facilitate  the 

reconfiguration  of  a  oargo  type  aircraft  into  an  air  evaouatloo  role  in  less  than  one  hour.  This 
permitted  the  evaouaticn  of  casualties  by  the  same  aircraft  that  delivered  supplies  to  forward  area 
airheads.  The  next  paper  by  Lieutenant  Colonel  Molver,  USAT,  NC,  disoussed  the  medioal  considera¬ 
tions  affecting  early  air  evaouatiom  of  the  seriously  ill  patient.  tartioular  consideration  was 
given  to  the  definition  and  reoopiltloo  of  the  stabilised  patient,  es  well  as  to  the  relative  and 
absolute  oenttmindloatlona  to  patient  movement  under  'normal'  oiroumetanoaa.  In  thosa  oases 
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•here  unstable  patients  had  to  be  moved,  attention  was  focused  on  minimising  morbidity  and  mortality* 

The  next  paper,  from  the  Medioal  Systeas  Division  of  the  USA?  School  of  Aerospace  Kedioine,  was 
presented  on  behalf  of  the  authors  by  Lieutenant  Colonel  Warren,  USA?,  ICC.  This  described  a  broad 
res ear oh  pro gramme  designed  to  update  various  aspects  of  patient  care  in  aeroaedioal  evacuation. 

The  first  part  of  the  programme  consisted  of  aodemisatlon  of  the  current  inflight  aedioal  care 
system,  emphasising  various  improvements  in  the  accommodation  for  the  patients,  diagnostic  and 
therapeutic  equipment,  and  in  handling  procedures.  The  team  had  also  considered  improvements  that 
would  lend  themselves  to  long-term  development. 

In  the  last  paper  in  this  session.  Captain  Perry  of  the  Royal  Artsy  Medical  Corps  described  a 
lightweight  plastic  patient  litter  based  on  a  suggestion  aade  at  the  Helicopter  Symposium  held  in 
frris  last  year.  It  baa  bean  designed  to  meet  the  requirement  for  an  inexpensive  lightweight 
robust  litter,  oapable  of  permitting  the  passage  of  x-rays,  and  able  to  fulfill  aany  roles.  The 
new  litter  was  also  buoyant  and  smaller  than  the  conventional  model.  This  interesting  development 
was  still  in  the  prototype  stage,  and  the  concept  had  bean  presented  for  consideration  by  the 
various  authorities  concerned  with  the  development  of  aeroaedioal  equipment. 

This  was  a  moat  interesting  and  productive  session  that  provided  a  comprehensive  survey  of  the 
rapid  advances  in  the  techniques  of  strategic  and  tactical  a er (medical  evacuation  in  the  military 
sphere.  It  also  drew  attention  to  the  advantages  of  aeroaedioal  evacuation  in  civil  emergencies, 
where  road  aooess  was  slow  or  limited  due  to  weather  or  traffio  density.  This  particular  require¬ 
ment  tended  to  centre  around  the  heliooptar,  which,  although  offering  aany  advantages,  was  still 
relatively  expansive  to  operate,  tended  to  have  a  small  cabin  and  was  somewhat  restricted  in  its 
all-weather  and  night  flying  capabilities.  There  was  considerable  interest  in  the  field  of  aero¬ 
aedioal  evacuation  and  it  was  clear  that  nuoh  valuable  work  had  bean  done  recently  in  this  sphere. 

The  continued  development  of  airborne  techniques  end  special  equipment  to  permit  the  maximum  usage 
of  whatever  aircraft  might  he  available  would  undoubtedly  pay  greater  and  greater  dividends  in 
saving  lives  and  reducing  the  hasard  to  patients  who  ware  remote  from  expert  treatment. 

At  this  Juncture,  Dr.  Karl  Houghton,  USA,  gave  a  moat  interesting  and  informative  presentation, 
including  e  film,  describing  a  60-day  manned  apaoa  flight  simulation  run  with  regenerative  life 
support.  from  the  teat  data,  it  was  concluded  that  the  life  support  system  successfully  met  the 
test  requirements.  The  crew  selection  programs  had  bean  both  effective  and  predictive,  and 
neither  the  aedioal  nor  the  behavioural  studios  revealed  any  significant  changes.  Similarly,  the 
orew  support  evaluation,  sensitivity  training  and  remote  instruction  were  also  successful.  This 
contribution  to  the  session  on  current  space  aedioal  problems  was  received  with  enthusiasm  by  the 
delegatee. 

After  this  presentation,  the  Chairman  of  the  Asrospaoe  Medical  Panel  formally  closed  the  25th 
meeting  of  the  Panel. 

Looking  beak  over  the  programme  end  taking  nots  of  the  reoeption  that  the  presentation# 
reoeived,  the  meeting  can  be  considered  to  have  been  both  productive  and  suoeeasful,  with  a  satis¬ 
factory  hmXanoe  between  basic  and  applied  work.  It  ia  also  most  encouraging  to  report  that  the 
papers  at  this  meeting  were  primarily  orientated  to  the  problems  of  the  NATO  Operational  Commander. 
This  was  achieved  without  excluding  spaoe  problems  entirely;  and  rightly  so. 

The  papers  by  members  of  the  Structures  and  Materials  Panel  were  moat  welcome  and  contributed 
greatly  to  tha  sucoess  and  balance  of  the  session  on  body  armour.  Inter- pan el  activities  are 

interesting  and  the  oross-ferti Illation  achieved  both  widens  the  h oris one  of  each  of  the  (fenels 
involved  end  at  the  same  time  gives  speoialist  workers  a  greater  sense  of  perspective.  Just  as  in 

medioln#  one  meets  more  and  more  of  the  psyohopbysiologloal  approaoh  to  the  solution  of  wultietrees 
problems,  so  the  oondng  together  of  various  solentifio  disciplines  is  a  healthy  sign.  Tha  very 

structure  of  the  AGARS  organisation  lends  itself  admirably  to  this  type  of  approach  to  res  ear  oh  and 
developnant. 

It  is  difficult  to  report  on  all  the  discussions  that  took  plaoa  outside  the  formal  papers. 

Some  of  these  are  iaoludad  in  this  appreciation,  but  much  that  was  squally  interesting  has 
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regretfully  had  to  he  omitted.  Two  papers  hare  been  included  in  this  report  that  were  not 
actually  presented  on  the  day,  and  two  papers  that  were  given  are  not  available  for  publication  at 
this  tins. 

In  conclusion,  the  attendance  at  this  nesting  was  most  enoouraging  and  the  atmosphere  friendly 
and  enthusiastic.  It  is  often  said  about  canf ereao es  that  the  excellence  of  the  presentations  is 
by  no  naans  the  only  measure  of  the  value  and  success  of  the  meeting.  This  meeting  was  no 
exception  to  the  rule. 


T.  G.  DOBIE, 

Group  Captain,  RAP, 
PROGRAMME  DEHJTT  CHAIRMAN 
25TH  MEETING  ASMP 
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